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A MODIFICATION OF THE BABCOCK TEST EMPLOYING 
A QUATERNARY AMMONIUM COMPOUND 


H. L. WILDASIN,' E. O. ANDERSON, ano D. E. WATTS * 


Department of Animal Industries, 


University of Connecticut, Storrs 


A description of the Babcock test was published in 1890 as a method for 
estimating the percentage of fat in milk. ‘the basic principles of the test have 
not been altered since that time, but the test has undergone many minor 
modifications (2). That modifications have been adopted and that the ADSA 
currently has a committee (4) working on modifications indicate that there is 
some dissatisfaction with the Babcock test. Numerous modifications for aiding 
fat liberation in testing milk products, for standardizing procedures and equip- 
ment, and for obtaining better agreement with ether extraction procedures 
have been reviewed recently (3). Apparently, most of the work has been di- 
rected toward standardization rather than toward more complete and_ less 
empirical liberation of fat when testing milk. 

Destruction of the milk fat emulsion in the Babcock test is accomplished 
by partial hydrolysis of the fat emulsifiers and the milk proteins and by dis- 
persal of these proteins and protein fragments. Addition of H,SO, to milk 
suppresses the carboxyl groups of the milk proteins. This suppression causes a 
corresponding increase in the positive charge of the protein and a more com- 
plete dispersal. Proteins in this cationic form are made even more soluble in 
the presence of high dilutions of cationic detergents, according to Kuhn and 
Bielig (6). This property of cationic detergents has been used successfully 
for analyzing chocolate milk and homogenized milk for fat content (5, 7). 
The procedure used for analyzing homogenized milk is the same as that used 
for testing regular milk (1), except that 9 g. of a 50-per cent solution of 
quaternary ammonium compound * (QAC) are added to each liter of H,SO,, 
and glymol is used in reading the test results. The results, using the same prin- 
ciple and procedure on regular milk as is used on homogenized milk, are pre- 
sented below. 

METHODS 


Fresh, raw, mixed herd milks used in these experiments were obtained from 
the University of Connecticut Creamery, and the milks with high and low per- 
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centages of fat were formed by standardization with freshly separated skim- 
milk and cream. 

The Babcock test was conducted with standard Babcock apparatus as di- 
rected in AOAC Methods (1), except for the following: (a) a mechanical shaker 
was used, (b) an apparatus with a mechanical holder and fixed diffused light 
illuminator was used, (¢) test bottles were certified for accuracy by the Con- 
necticut Agricultural Experiment Station, and (d) readings were made to 
the nearest 0.05 per cent and averaged to the nearest 0.01 per cent. 

The modified Babcock test was conducted as described for the Babcock test, 
except that 9 g. of 50-per cent QAC were added to each liter of H.SO, having 
a specific gravity of 1.82 at 68° F. (20° C.), and the acid used was at room 
temperature. All of the acid used in the modified test was H.SO, containing 
QAC unless specifically stated otherwise. 

Preliminary studies indicated that at least 12 commercial cationic surface 
active compounds would disperse milk proteins in the presence of acid. The 
QAC * nsed in this study was the same as that used in previously published 
test procedures (5, 7) ; it was originally selected on the basis of odor, concentra- 
tion, uniformity, stability, composition, availability, and performance. The 
other 11 compounds appear to be equally effective as de-emulsifiers but they 
were not studied thoroughly and are not recommended. 


EXPERIMENTAL 


Studies were made to determine the effect of some of the possible variables 
upon reliability of the recommended procedure. The criteria of a satisfactory 
test were that the fat in the column be amber, translucent, and free from un- 
dissolved curd or charred curd, and that the acid layer be dark brown to black 
with no cloudiness or undissolved particles, and that the results be within one- 
tenth of 1 per cent fat of the mean value obtained when the analyses were free 
from undissolved or charred curd. 

Results presented in Table 1 indicate that when using acid with a specific 
gravity between 1.810 and 1.825, between 14 and 21 ml. may be used satis- 
factorily. Undiluted H.SO, should never be used unless the amount is reduced 
to about 12 ml. 


TABLE 1 


Tufluence of concentration on the amount of H.SO, giving satisfactory tests. 
(Acid 70° F., milk 60° F. 9 g. of 60% QAC/liter of acid.) 


Sp. gr. 1.810 1.820 1.825 1.830 1.836 
Acid required (ml,) 14-25 10-23 8-21 9-18 7-17 


When the milk is not tempered to 60° F. (16° C.), one can still expect sat- 
isfactory tests. If the milk in the test bottles is between 32° F. (0° C.) and 
110° F. (48° C.), the operator may use between 11 and 18 ml. of 1.82 specific 
gravity acid and obtain satisfactory results (Table 2). 
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TABLE 2 


Influence of milk temperature on the amount of H:SOy (1.82 sp. gr.) giving satisfactory tests. 
(Acid 70° F. 9 g. of 60% QAC/liter of acid.) 


Milk temperature (°F.) 32 50 70 90. 100 110 
Acid required ( ml.) 11-25 10-22 2-99 9-19 9-19 8-18 


Table 3 indicates that the temperature of acid with 1.82 specific gravity 
has very little effect on the amount of acid which may be used. 
TABLE 3 


Influence of temperature on the amount of H:SO, (1.82 sp. gr.) giving satisfactory tests. 
(Milk 60° F. 9 qg. of 50% QAC/liter of acid.) 


Acid temperature (° F’.) 50 60 70 80 
Acid required (ml.) 9-25 10-24 10-23 9-21 


When several samples of milk are analyzed simultaneously, different treat- 
ments are unavoidable since acid cannot be added and mixed with each test 
sample at the same time. Trials indicate that after the *‘acid’’ is added to the 
milk in the test bottle, the operator may mix thoroughly for 15 seconds to 20 
minutes; he may mix the acid and milk and allow the test bottle to stand at 
room ¢mperature or in the centrifuge for at least 20 minutes; or he may allow 
the test bottle to stand at room temperature without mixing for as long as 20 
minutes and still obtain excellent results. Even if the first period of centrif- 
uging is omitted or extended to 20 minutes instead of the usual 5 minutes, the 
error introduced is negligible (Table +), indicating that all the milk fat is 
liberated easily and completely in the modified test. 


TABLE 4 


Effect of duration of Ist centrifuging period on the quantity of fat liberated, 
(1.82 sp. gr. H:8SO,. Acid 70° F., milk 60° F.) 


Min. of centrifuging period 
» 


6-2-1 §:- - 20-2-1 
% fat 4.30 4.35 4.20 4.30 4.35 4.25 4.30 4.25 
Frequeney * 7 1 1 6 1 1 6 1 
Av. % fat 4.31 4.29 4.29 


“Number of analyses having the indicated result. 


TABLE 5 


Comparison of the regular Babcock test and the modified test on fresh raw milk 
and the same milk preserved 11 d. with HgCl, 


Fresh milk 


Babcock test Modified test 
% fat 4.00 4.05 4.10 4.15 4.20 4.00 4.05 4.10 4.15 4.20 
Frequency * 3 8 12 1 0 0 0 17 3 4 
Av. % fat 4.07 4.12 

Preserved milk 

Babcock test Modified test 
% fat 4.00 4.05 4.10 4.15 4.20 4.00 4.05 4.10 4.15 4.20 
Frequency * 4 6 13 1 0 0 1 12 10 1 
Av. % fat 4.07 4.12 


“Number of analyses having the indicated result. 
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Comparative results of the Babcock test and the modified test on fresh raw 
milk and raw milk preserved 11 days with HgCl, are presented in Table 5. The 
modified test results were 0.05 per cent higher than the Babcock test on both 
the fresh and the preserved milk. Preserving the milk for 11 days had no effect 
on the results obtained by either the Babcock test or the modified test. 

As shown by the data in Table 6, the modified test was always higher than 
the Babcock test, being 0.03, 0.05 and 0.04 per cent higher on the 2, 4, and 6 
per cent fat pasteurized milks, respectively. 


TABLE 6 


Comparison of the regular Babcock test and the modified test on 
pasteurized milk containing varying amounts of fat. 


Fat content - 2% 


Babeoek test Modified test 
% tat 2.00 2.05 2.10 2.00 2.05 2.10 
Frequeney “* 17 5 2 2 20 2 
Av. % fat 2.02 2.05 
Fat content - 4% ; 
Babeock test Modified test 
Yo fat 3.90 3.95 4.00 4.05 3.90 3.95 4.00 4.05 
Frequency 6 14 0 0 4 13 
Av. % fat 3.97 4.02 * 
Fat content - 6% : 
Babcock test Modified test 
Yo fat 6.05 6.10 6.15 6.05 6.10 6.15 
Frequency * 6 18 0 0 8 16 
Av. % fat 6.09 6.13 


“Number of analyses having the indicated result. 
TABLE 7 


Comparison of the modified Babcock test (with and without the use of glymol) 
with the Mojonnier test 


Sample 1 Av. fat content by Mojonnier test - 3.70% 
Without glymol With glymol 
Yo fat 3.90 3.85 3.80 3.70 
Frequency * 6 9 9 24 
Av. % fat 3.84 3.70 
Sample 2 Av. fat content by Mo‘onnier test - 3.74% 
Without glymol With glymol 
% fat 3.85 3.80 3.75 3.70 
Frequency * 9 15 2 22 
Av. % fat 3.82 3.70 


“Number of analyses having the indicated result. 


Results presented in Table 7 indicate that the use of glymol as a meniscus 
remover reduces variation in results when reading the volume of fat in the 
modified Babcock test. These data also indicate a good agreement between av- 
erage results obtained by quadruplicate Mojonnier analyses and the average 
modified Babcock test results with glymol. 


DISCUSSION 


The data presented indicate that the specific gravity, temperature, and 
amount of H.SO, used in the modified test are not critical. Nevertheless, the 
operator of the test should standardize the H,SO, to 1.82 specific gravity with 
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the aid of an acid hydrometer, purchase standardized acid, or as a final alternative 
dilute each 900 ml. of concentrated acid by adding it to 100 ml. of water in a 
Pyrex glass container. 

When the milk and ‘‘acid’’ are mixed, the temperature of each need not be 
as carefully controlled as in the Babcock test. It is nearly impossible to obtain 
charred or undissolved particles in the fat column when using the modified 
Babcock test. The fact that tests do not have to be repeated affords a con- 
siderable saving in time and constitutes one of the most important advantages 
of the modified method. Additional saving in time may be realized by omitting 
the first period of centrifuging but the 5-2-1 minute periods of centrifuging 
are recommended in the modified test so as to provide a minimum of deviation 
from the AOAC Babcock test procedure. 

The deviation of results with the modified test from those of the Babcock 
test is + 0.03 to + 0.05 per cent. This deviation apparently is constant for 
raw milk, milk preserved with HgCl., pasteurized milk, and milk of varying 
fat content. Reports from the literature (4) show the Babcock test results to 
be 0.05 to 0.07 per cent higher than the results obtained by ether extraction pro- 
cedures. This station has reported previously in the literature (5) that the use 
of glymol as a meniscus remover reduces the Babcock fat test results an average 
of 0.13 per cent, and the data presented in Table 7 are in agreement with this 
figure. By simple calculation (+ 0.06 per cent + 0.04 per cent —0.13 per 
cent), the modified Babcock test results are 0.03 per cent lower than results 
obtained by the ether extraction procedures. The results obtained in the mod- 
ified test with the use of glymol are 0.09 (+ 0.04 —0.13) per cent lower than 
the regular Babcock test but are in somewhat better agreement with the ether 
extraction procedures than is the Babcock test. By calculation, the Babcock 
test results are 0.06 per cent higher, and the modified test results are 0.03 
per cent lower, than the ether extraction tests on regular whole milk, and av- 
erage results (Table 7) of two samples were 0.02 per cent lower. On homog- 
enized milk (7), the modified Babcock test yields average results which are 
0.04 per cent lower than the ether extraction procedure results and is in good 
agreement with the 0.03 per cent difference on regular milk found in these 
studies. 

RECOMMENDED PROCEDURE 

1. Use standard Babcock test equipment and glassware as recommended 
by AOAC (1). 

2. Use an acid hydrometer to standardize the concentrated H.SO, to 1.82 
specific gravity at 68° F.; purchase standardized acid; or if an acid 
hydrometer is not available for use, add 900 ml. of concentrated acid 
to 100 ml. of water and cool. 

3. To each liter of H,SO,, add 9 g. or 9 ml. of 50-per cent alkyl dimethyl 
benzyl ammonium chloride, manufactured by Onyx Oil and Chemical 
Co. This solution is stable for at least 2 weeks and may be used until it 
develops a deep amber color. 

4+. Measure 18.0 g. of representative milk into the milk test bottle in the 
usual manner. 
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5. Add 17 to 18 ml. of ‘‘acid’’ down the side of the neck of the test bottle, 
rinsing all traces of milk into the bulb. Milk and acid may be at the 
most convenient temperature. 

6. Mix the acid and milk thoroughly. Fast mixing is satisfactory. 

7. Centrifuge 5 minutes in a centrifuge heated to 130 to 140° F. 

8. Add water at 140° F. or above until bulb of bottle is nearly filled. 

9. Centrifuge 2 minutes. 

10. Add hot water again until liquid level approaches top of graduation of 
seale. 

11. Centrifuge 1 minute. 

12. Place test bottles in a 135 to 140° F. water bath which completely sub- 
merges the portion of the bottle containing the fat. 

13. Allow test bottles to remain in water bath at least 5 minutes. 

14. Immediately before measuring the volume of milk fat, add a few drops 
of glymol meniscus remover down the inside of the milk test bottle. 

15. Read the results to the nearest one-tenth of 1 per cent fat. 


CONCLUSIONS 
A modified Babeock test for analyzing raw milk, milk preserved with HgCl., 
pasteurized milk, and milks of varying fat content is presented. This test 
is the same as that offered for homogenized milk (7) and differs from the regular 
Babeock test only in that 9 g. of a 50-per cent QAC solution is added to each 
liter of the H.SO, before use and glymol is added before measuring the fat volume. 
The results of the modified test for analyzing milk for fat are on the average 


about 0.03 per cent lower than ether-extraction procedure results. This dif- 


ference is less than that found with the regular Babeock test and is of little 
significance. Since meniscus remover is used in the test, there is less inaccuracy 
in measuring fat volumes than in the regular Babcock procedure. 

The modified test is not as sensitive to adverse conditions as is the regular 
Babeock test and requires very little skill to produce satisfactory results. This 
fact probably is the most important advantage of the proposed test. 
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RELATIONSHIP BETWEEN TDN AND ENERGY VALUES OF FEEDS 


L. A. MOORE 


Bureau of Dairy Industry, Agriculture Research Administration, 
U.S. Department of Agriculture, Washington, D. C. 


AND 


H. M. IRVIN anp J. C. SHAW 
University of Maryland 


There is considerable difference of opinion about methods of evaluating feeds 
and methods of expressing their value. In the United States, Total Digestible 
Nutrient content (TDN) has become a common method of expressing the value 
of feeds. In Europe, the Net Energy (NE) system, or some modification thereof, 
has been in vogue. Various opinions have been expressed concerning the relative 
merits and value of the two systems. It should be pointed out also that there 
has been some discussion in the United States of the use of Metabolizable Energy 
as a method of expressing the value of feeds. 

It is the purpose of this paper to report the results of a study of the relation- 
ship between the TDN content and energy value of feeds. For this study, 


CONCENTRATES 
+ ORY ROUGHAGES 
v SILAGES 
GREEN ROUGHAGES 


ESTIMATED NET ENERGY (MORRISON) (THERMS PER 100 LBS.) 


30 40 50 60 70 60 90 100 10 
TOTAL DIGESTIBLE NUTRIENTS (PER 100 LBS.) 


Fic. 1. Relationship on a dry matter basis between Morrison’s estimated net energy values 
and TDN values. a 
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energy-value data derived from experiments involving several animals were 
obtained from several sources and plotted against the TDN value for the same 
feed. 

RESULTS 

Figure 1 presents the relationship between the Estimated Net Energy (ENE) 
values of Morrison (11) and the TDN values taken from the same source. A 
definite linear relationship exists when plotted on an arithmetic seale. All values 
were corrected to a dry matter basis so that the data for green roughages and 
silages could be used. 

According to Morrison (11), the ENE values were estimated as follows: 
(a) by taking into account comparative results of feeding trials, (b) by using 
results from direct energy determinations, (¢) by using Fraps’ Production 
Energy values (PE) and (d) by the application of some intelligent judgment 
relative to feeding value of the feeds. Since the data are ‘‘estimated’’ and not 
ealeulated by the use of factors from the TDN data, it is legitimate to plot the 
two sets of data in the manner shown in Figure 1. 

A regression line was fitted to the data by the method of least squares from 
which the equation vy = 1.393X — 34.63 was developed, in which y = Energy 
and X = TDN. The Coefficient of Correlation r = 0.977 and the standard error 
of the estimate 4.41 were both highly significant. 

The NE values of Armsby, as determined by direct colorimetry and as re- 
vised by Forbes (2) were also plotted in a similar manner, as shown in Figure 2. 
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Fig. 2. Relationship on a dry matter basis between net energy values, as revised by Forbes, 
and TDN values; also relationship between the productive energy values of Fraps and TDN 
values. 

The TDN values were calculated from the original data, where available, other- 
wise by applying digestion coefficients from Morrison. The regression equation 
y = 1.454X — 38.821 was obtained. A highly significant correlation of 0.929 
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was obtained. The value for starch was not included in the data since it was 
quite divergent from the other data. There was no significant difference be- 
tween the regression coefficients of the Morrison and Forbes data. 

The PE values, as determined by Fraps (3) by using data from sheep feeding 
experiments and the energy value of corn as a base, are plotted in Figure 2. 
The TDN values of the various feeds were taken from average values given by 
Schneider (13). The regression equation was y = 1.815X — 62.57. A correlation 
coefficient of 0.926 was found, which was highly significant. 

The plotting of PE values, as determined by Fraps by direct feeding ex- 
periments with rats (5) and chickens (4,6) against their TDN values showed a 
similar linear relationship. 

DISCUSSION 


All of the data (irrespective of source, animals used, or method of arriving 
at the energy values) indicate that there is a linear relation between the energy 
values and TDN. It is also of importance that the regression equations derived 
from Morrison’s, Forbes’ and Fraps’ data for sheep are quite similar. The 
energy value of any of the common forages as calculated from a given TDN 
value by using the first two regression equations varies by only a few therms 
per 100 Ib. of feed. In order to calculate the energy value from the TDN value, 
the latter must be placed on a dry matter basis before substituting in the above 
equations. The energy value obtained then can be changed back to the original 
dry matter basis. 

It is of considerable interest to note that the energy value for a pound of 
TDN varies as the TDN value of feeds change. For instance, from the equa- 
tion or the regression line in Figure 1, it can be determined that 1 lb. of TDN 
from a feed like corn would be equal to about 1.0 Therm, 1 lb. of TDN from the 
better hays would be worth about 0.75 Therm, whereas 1 lb. of TDN from poor 
roughages, such as straws, would be worth only 0.5 Therm. In other words, 
there can be up to a 100 per cent difference in the NE value of 1 lb. of TDN 
from different feeds. 

From the equation, it is apparent that the NE value of feed decreases at a 
faster rate than the TDN values. Therefore, in practical feeding experiments, 
the experimenter should not change the proportions of grain and forage on a 
TDN basis in the evaluation of one in terms of the other. Furthermore, in cal- 
culations it would not be correct to convert the TDN of grain or forage from 
one to the other in expressing the value of one in terms of the other. It is only 
possible to make such comparisons on a direct energy basis. 

The fact that TDN in forages is not as valuable for productive purposes as 
the TDN in concentrates is in agreement with the statements of Morrison (11, 
Chapter 3). This seems to be in obvious agreement with observations by the 
practical feeder. 

The purpose of this paper is to show the general relationship between total 
digestible nutrients and energy. Whether the regression equations can be used 
to calculate the energy value of a specific feed is open to question. However, 
the equations do offer a means of approximation and might serve as a guide in 
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establishing more accurate productive energy values, particularly for those 
which digress a great deal from the regression line. Any calculations should be 
made within the limits of the data used in developing the regression line. For 
instance, the TDN value for high fiber feeds, such as wood meal and peanut hulls, 
is lower than this value for the majority of feeds used in developing the line. 
Sufficient data on high fiber feeds are not available to determine whether the 
values for such feeds have a similar linear relationship. 

It should be pointed out that the data used for developing the graphs were 
principally derived from growing and fattening animals. It has been stated 
that milk production is a more efficient process than fattening, and the feeds 
should have a higher net energy value for milk production than for fattening. 
According to Forbes et al. (2), the average rates of utilization of the net energy 
of the ration for maintenance, lactation, and body increase were found to be in 
the ratio of 1.0 for maintenance, 0.985 for lactation, and 0.761 for body increase. 
However, the estimated or calculated values for body gain on a relative basis 
should be comparatively correct for milk production, keeping in mind that they 
are not absolute. 

It has been proposed by Huffman eft al. (7, 8, 9) that lactation factors exist 
which are necessary for the utilization of the nutrients in forage. However, the 
results of Huffman et al. have been explained on a net energy basis (10, 12). The 
relationship set forth in this paper also would explain his results on a net energy 
basis, since concentrates replaced forages in the rations reported by Huffman. 
The results and data obtained by the two groups of workers are not in disagree- 
ment, but there is disagreement on interpretation. 


SUMMARY 


When the estimated net energy values of Morrison, net energy values of 
Forbes, and the productive energy values of Fraps are plotted graphically 
against the total digestible nutrient values, a definite linear relationship is 
apparent. 

The Net Energy value of feeds decreases at a faster rate than the Total Di- 
gestible Nutrient value decreases. Therefore, the energy value of a unit of 
TDN in concentrates is greater than that of the same unit in roughages. 

The regression equation of Morrison’s data, Forbes’ data, and the pro- 
ductive energy data of Fraps for sheep are quite similar. 
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INFLUENCE OF PROTEIN HYDROLYSIS ON THE SUSCEPTIBILITY 
OF MILK TO OXIDIZED FLAVOR DEVELOPMENT! 


T. L. FORSTER, C. JENSEN, anp EMILY PLATH 


North Dakota Agricultural Experiment Station, Fargo 


Anderson (1, 2) cited a number of instances in which mild treatment of 
milk with a pancreatic concentrate, before pasteurization, gave protection 
against later development of oxidized flavor. Doan and Miller (5) and Corbett 
and Tracy (4) confirmed these observations. The treatment has proved so sue- 
cessful that it has been adopted as commercial practice in many areas where 
Health Department approval could be obtained. Two pancreatic concentrates, at 
least, are presently being marketed for this purpose. 

Changes brought about by the mild treatment recommended were so slight 
that no definite differences in total protein or in formal titration could be de- 
tected by Conquest et al. (3), although the curd tension was lowered appreciably. 
Storrs (10) however, using a modified tyrosine test devised by Hull (8), found 
that the enzymatic treatment caused detinite increases in tyrosine units. This 
evidence, with that of Doan and Miller (5) who obtained no protective action 
when trypsin solutions were denatured by heating, indicated that protein 
hydrolysis might be responsible for the added resistance to oxidized flavor in 
milk samples treated with pancreatic enzyme preparations. Preliminary ob- 
servations by lforster and Sommer (6), with erystalline trypsin, suggested that 
the protective action of commercial enzyme preparations could be due to hydro- 
lytic cleavage of milk proteins. The work reported herein was undertaken with 
a view to obtaining additional information regarding the influence of milk pro- 
tein hydrolysis on the susceptibility of milk to oxidized flavor development. 


EXPERIMENTAL 


The general procedure used in conducting each of the trials reported in 
Tables 2 and 3 was as follows: A sample of fresh, raw cow’s milk was divided 
into two 500-ml. portions in amber glass, pyrex bottles. One portion served as 
the control and the other received the enzyme treatment. This consisted of 
incubating the sample for 20 minutes at 40° C. in the presence of the required 
amount of enzyme, followed by in-bottle pasteurization at 62° to 63° C. for 30 
minutes and cooling. Non-protein nitrogen determinations were made in 
quadruplicate by the method of Johnson (9) on 2 ml. portions of a trichloro- 
acetic acid filtrate. This filtrate was prepared by adding 1 ml. of milk to 25 ml. 
of 0.5 M trichloroacetic acid, mixing well, and filtering after allowing 1 hour 
for precipitation. Susceptibility of each sample to oxidized flavor development 
was determined by setting up a series consisting of six 50-ml. portions. Copper, 
in the form of solutions of copper sulfate, then was added to give the desired 
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added copper concentrations. Portions 1, 2, 3, 4, 5, and 6, respectively, contained 
0, 10°, 10°, 5 & 10°, 10°*, and 5 & 10% M/1. of added copper. The copper sulfate 
solutions used were of such concentration that no more than 0.5 ml. of a solution 
was required to give the desired added copper concentration. These six portions 
were examined for the presence of oxidized flavor after storage at 0° to 4° C. for 
48 hours. A numerical value, referred to herein as the susceptibility rating, 
then was assigned to the sample. This was based on its susceptibility as de- 
termined by the minimum concentration of added copper which produced the 
flavor. Table I shows how the susceptibility rating was assigned. It will be 


TABLE 1 
Relationship between susceptibility rating and minimum concentration of 
added copper required to produce oxidized flavor 


Susceptibility Minimum cone. added copper to 
rating produce oxidized flavor. (M./1.) 
6.0 none * 
5.0 10° 
4.0 
3.5 5.x 20° 
3.0 167 
2.5 5x 10" 
2.0 no oxidized flavor in 5 X 10-4” 


* A susceptibility rating of 6.0 was to be assigned if the flavor developed in that portion to 
which no copper was added. This never occurred. 


> A susceptibility rating of 2.0 was assigned when the oxidized flavor failed to appear even 
in the portion containing 5 X 10* M./1. of added copper. 


noted from this table that higher susceptibility ratings were assigned to samples 
which developed the flavor with low concentrations of added copper and lower 
ratings to those which required greater concentrations of added copper to pro- 
duee the defect. 

Data showing the influence of pancreatic enzyme treatment of milk on non- 
protein nitrogen and susceptibility to oxidized flavor are presented in Tables 2 
and 3, respectively. The data in Table 2 show clearly that treatment of milk 
with any one of the three pancreatic enzyme preparations tested resulted in a 
significant (5% point F) increase in non-protein nitrogen. Such inereases in 
non-protein nitrogen can be interpreted as indicating protein hydrolysis. The 


TABLE 2 


Influence of pancreatic enzyme treatment of milk 
on non-protein nitrogen content 


Enzyme Rate No.of Mean non-protein nitrogen Analysis of variance 
used used trials Control Treated Increase Fvalue* 5% point 
(mqg./l.) (mg./l.) (mg./l.) (mg./l.) 
Lactivase 60 8 285.3 296.4 11.1 7.43 5.59 
T-360 Trypsin 20 5 274.6 323.3 48.7 51.76 7.71 
Cryst. Trypsin + 6 270.3 406.8 136.5 17.78 6.61 


* The interaction of treatment X trials proved to be significant for each enzyme treatment, 
hence the variance for this interaction was used to test the significance of the enzyme treatment 
in each case. 


| 
| 
j 


100 T. L. FORSTER ET AL 


TABLE 3 


Influence of pancreatic enzyme treatment of milk 
on susceptibility to oxidized flavor 


Enzyme Rate No.of Mean Susceptibility rating 
used used trials Control Treated Decrease t value * P 


(mqg./lL.) 


Lactivase 60 8 3.69 3.06 0.63 7.696 < 0.01 
T-360 Trypsin 20 5 3.30 2.00 1.30 10.612 < 0.01 
Cryst. Trypsin + 6 3.75 2.92 0.83 7.912 < 0.01 


“ Values paired. 


data of Table 3 show that each enzyme treatment also resulted in a significant 
decrease in susceptibility rating, i.e., reduced the tendeney toward oxidized 
flavor development. 

The decreases in susceptibility shown in Table 3 might have been due to 
protein hydrolysis resulting from the enzyme treatments or merely to the addi- 
tion of the enzyme preparations. In order to determine which of the above 
mentioned possibilities was responsible, another series of trials was conducted, 
using heat-denatured (10 minutes boiling) enzymes. In each of these trials a 
sample of fresh raw milk was divided into four 500-ml. portions in amber glass 
bottles and heated to the pasteurizing temperature of 62° to 63° C. The heat 
denatured enzymes, in aqueous solution, then were added and mixed and the 
milk held for the required 30 minutes pasteurization exposure, followed by 
rapid cooling. One portion, to which no enzyme was added, served as the con- 
trol, while Lactivase, T-360 trypsin, and crystalline trypsin, respectively, were 
added to the other three portions. Non-protein nitrogen and susceptibility tests 
then were made on these portions in the manner previously deseribed. 

Results of this series of trials are summarized in Table 4. They show that 
addition of the heat denatured enzyme preparations had no appreciable in- 
fluence on the non-protein nitrogen content, i.e., protein hydrolysis did not take 


TABLE 4 


Influence of addition of heat denatured pancreatic enzymes to milk on non-protein 
nitrogen and susceptibility to oxidized flavor * 


Enzyme Rate Non-protein Susceptibility 
used used nitrogen rating t value ° * 
(mg./l.) (mg./l.) 
None (control) — 236.5 ° 3.67 
Lactivase 60 239.9 3.33 4.082 < 0.01 
T-360 Trypsin 20 240.6 2.50 9.924 < 0.01 
Cryst. Trypsin + 237.8 3.61 1.079 0.3 to 0.4 


* Av. of 9 trials. 

> Difference between mean non-protein nitrogen values for the four treatments were not sig- 
nificant at the 5% point. (F = 1.22 and 5% pt. = 3.01) 

© Caleulated for susceptibility rating data. Enzyme treatments compared individually with 
control. Values paired. 


place. Two of the enzymes, however, Lactivase and T-360 trypsin, caused ap- 
preciable and significant (P = < 0.01) lowering of the susceptibility rating. The 
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small decrease in susceptibility rating resulting from the addition of heat- 
denatured crystalline trypsin proved not to be significant. 


DISCUSSION 


Crystalline trypsin, when added at the rate of 4 mg. per liter, incubated for 
20 minutes at 40° C. and then destroyed by pasteurization, caused considerable 
protein hydrolysis (Table 2) and markedly reduced the susceptibility of the 
treated milk to oxidized flavor development (Table 3). Heat-denatured erystal- 
line trypsin added, at the same rate, to milk which was immediately pasteurized 
caused no protein hydrolysis and no significant change in susceptibility to 
oxidized fiavor (Table 4+). The purity of a crystalline trypsin preparation pre- 
cludes the possibility of any enzyme activity except protein hydrolysis. There- 
fore, it may be concluded that the protein hydrolysis resulting from treatment 
of milk with erystalline trypsin was directly responsibile for the observed 
decrease in susceptibility to oxidized flavor. 

Treatment of milk with Lactivase or T-360 trypsin, in a manner similar 
to that used when treating with crystalline trypsin but at higher rates, also 
caused protein hydrolysis (Table 2) and reduced susceptibility to development 
of oxidized flavor (Table 3). In these cases, however, the decreases in sus- 
ceptibility cannot be ascribed entirely to protein hydrolysis, since addition of 
these enzyme preparations, after heat denaturation, resulted in decreases in 
susceptibility without causing any hydrolysis (Table 4). Furthermore, the 
decreases in susceptibility resulting from treatment of milk with the active 
enzyme preparations were not proportional to the degree of protein hydrolysis. 
Crystalline trypsin, for instance, showed 184 times the activity in causing in- 
creases in non-protein nitrogen as did Lactivase but was only 20 times more 
active in reducing susceptibility to oxidized flavor. Obviously, some other 
factor besides protein hydrolysis was involved in causing the decreased sus- 
ceptibility observed when milk was treated with either Lactivase or T-360 trypsin. 

To explain the decreased susceptibility of milk treated with pancreatic 
enzymes, Forster and Sommer (6) advanced a theory based on the work of Hop- 
kins (7). They suggested that such enzyme treatments cause a mild degree of 
protein hydrolysis, which in turn exposes readily oxidizable groups, such as 
-SH groups, which formerly were deep within the protein molecule. Oxidation 
of these groups then reduces the amounts of oxidizing agents and oxygen present 
in the milk to a point where lipid oxidation cannot proceed. Thus, the oxidized 
flavor resulting from lipid oxidation is prevented. 


The data presented in this paper support this theory. In addition, that part 
of the effect of Lactivase and T-360 trypsin which cannot be aseribed to their 
enzyme activity may still be explained on the basis of this theory. Neither 
Lactivase nor T-360 trypsin approaches the degree of purity to be found in 
erystalline trypsin. Unquestionably, both preparations contain appreciable 
amounts of protein hydrolytic products. Such products would, therefore, con- 
tain readily oxidizable groups which would function in the same manner as those 
resulting from enzyme hydrolysis of milk proteins. Both of these enzyme 
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preparations were used in appreciable amounts, and it therefore is quite con- 
ceivable that sufficient readily oxidizable groups were added to impart the 
degree of protection from oxidized flavor noted in Table 4. 

Homogenization and high heat treatments (70° to 80° C.) are known to re- 
duce the susceptibility of milk to development of oxidized flavor. It is possible 
that these factors, also, function by causing protein hydrolysis or denaturation. 
Further study is needed if the mechanism by which these factors function is 
to be clearly understood. 


SUMMARY AND CONCLUSIONS 


Treatment of fresh raw milk, before pasteurization, with active Lactivase 
(60 mg. per liter), T-360 Trypsin (20 mg. per liter) or crystalline trypsin (4 mg. 
per liter) resulted in appreciable protein hydrolysis as measured in terms of 
increase in non-protein nitrogen content. Such treatment always was ac- 
companied by a decrease in susceptibility to oxidized flavor. 

Addition of the heat-denatured enzyme preparations caused no protein 
hydrolysis, but addition of heat-denatured Lactivase and T-360 trypsin did 
cause a decrease in susceptibility. Addition of heat-denatured crystalline 
trypsin, however, caused no appreciable decrease in susceptibility. 

It is coneluded that (a) the protein hydrolysis induced by treating milk 
with crystalline trypsin is accompanied by, and responsible for, a decrease in 
the susceptibility of the milk to oxidized flavor development, and (b) the de- 
crease in susceptibility to oxidized flavor development, caused by treating milk 
with Lactivase or T-360 trypsin, is partly due to hydrolysis of the milk protein 
and partly to some, as yet unknown, component in the enzyme preparations used. 
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ANTIBIOTICS IN DAIRY CATTLE NUTRITION. I. 
THE EFFECT OF AN AUREOMYCIN PRODUCT (AUROFAC) ON THE 
GROWTH AND WELL-BEING OF YOUNG DAIRY CALVES! 


E. E. BARTLEY, F. C. FOUNTAINE, F. W. ATKESON, ann H. C. FRYER 


Kansas Agricultural Experiment Station, Manhattan 


In 1949, Stokstad et al. (20) noted that an animal protein factor supplement 
derived from cultures of Streptomyces aureofaciens would produce a growth 
response in chicks which was greater than the maximum response obtainable 
with vitamin B,,. The same year Cunha et al. (4) obtained similar results when 
a residual fermentation product remaining from the manufacture of pure 
aureomycin was fed to pigs. In early 1950, Stokstad and Jukes (19) found 
that pure crystalline aureomycin would produce a growth response in chicks 
similar to that obtained with products from aureomycin fermentation, thus 
demonstrating the role of antibiotics as dietary growth stimulators. Later, in 
1950, several workers reported (reviewed by Stokstad, 18) that aureomyein and 
several other antibiotics were beneficial in the rations of non-ruminant animals, 
such as chickens, turkeys and pigs. At that time it was conjectured that anti- 
biotics possibly would interfere with the nutrition of ruminant animals by 
destroying necessary rumen microorganisms. Since the newborn calf behaves 
like a non-ruminant animal in the digestion of food, investigations were initiated 
to determine whether or not aureomyecin added to the diet would stimulate 
growth in young calves. 

In November, 1950, Bartley et al. (1), Rusoff (14), and Loosli and Wallace 
(7) reported that pure aureomycin or products from aureomycin fermentation 
would enhance calf growth. These and several more recent experiments have 
shown that the feeding of aureomycin to young calves exerts a favorable in- 
fluence on growth (1, 2, 5, 8, 12, 14, 15, 16, 17, 21), reduces the incidence of calf 
scours (1, 7, 8, 16, 17), improves feed efficiency (8, 11, 12), stimulates the ap- 
petite for grain (2, 8, 17) and improves physical appearance (12, 14,15). Voelker 
and Cason (21) found that the feeding of terramycin to young calves resulted 
in increased growth. Bloom and Knodt (3) in a preliminary experiment found 
that the feeding of potassium penicillin lowered the rate of growth of calves, 
whereas aureomycin increased the growth rate and appeared to cause an earlier 
and greater consumption of the calf starter ration. Murdock et al. (11) failed 
to obtain any advantage in growth when calves were fed terramyein. When 
aureomycin was fed, these workers noted a significant increase in the growth 
rate of calves for the first 6 weeks of age, but failed to find any difference at 
the end of 12 weeks. Morrison and Deal (10) fed an antibiotic feed supplement 
(Lederle) to calves from 3 to 17 days of age. They noted no differences in 

Received for publication August 11, 1952. 

* Supported in part by a grant from Lederle Laboratories Div., American Cyanamid Co., 
Pearl River, N. Y. A portion of these data was presented at the 1950 Annual Meeting of the 


American Society of Animal Production. Contribution no. 213, Department of Dairy Hus- 
bandry, and no. 95, Office of Director. ‘ 


103 


2 


104 E. E. BARTLEY ET AL 


ineidence of scouring, general health, feed consumption or gain in weight be- 
tween the supplement-fed and the control calves at 12 weeks of age. 

The expetiment reported herein pertains to the effects of a crude aureomyecin 
fermentation product on the growth, feed consumption, incidence of scouring, 
rumination, and physical appearance of calves raised under somewhat unfavor- 
able environmental conditions. Data are presented to show the effects of dis- 
continuing aureomycin supplementation at an early age. 


EXPERIMENTAL 


Twenty-four newborn calves of four breeds (Ayrshires, Guernseys, Hol- 
steins and Jerseys) were used. Starting at random, every other calf born within 
each breed was selected to receive aureomycin. Twelve calves received aureo- 
mycin and twelve served as controls. The calves selected to receive aureomycin 
were divided into 2 groups; those in group 1 received aureomycin for the first 
7 weeks only, while those in group 2 received aureomycin for the duration of 
the experiment (12 weeks). The source of aureomycin was a residual fermenta- 
tion product remaining from the manuzacture of pure aureomycin (Lederle’s 
A.P.F. No. 5, now called Aurofac) containing 5 mg. of aureomycin per gram 
and was ingested once daily, by capsule, at the rate of 3 g. per 100 lb. body 
weight. The product of aureomycin fermentation hereafter will be referred to 
as Aurofac. It was realized that the use of capsules for administering the Auro- 
fae would not be a satisfactory method for practical feeding. Capsules were 
used to insure that all calves received a known amount of Aurofae daily from 
the beginning to the end of the experiment. The supplementation of Aurofac 

yas started on the first day of each calf’s life. 

The calves received their mothers’ colostrum for the first three days. On 
the fourth day they were placed in individual calf pens and fed whole milk at 
the daily rate of 1 lb. per 10 lb. body weight. At the end of the third week they 
were gradually changed over to skimmilk, which was fed at the daily rate of 
1 lb. per 10 lb. body weight, not to exceed 14 Ib. daily. Good quality alfalfa 
hay and a grain mixture (equal parts by weight of whole corn and oats) were 
fed ad libitum starting at 1 week of age. The grain intake was limited to a 
maximum of 4 lb. for Jerseys and Guernseys, 4.5 lb. for Ayrshires, and 5 Ib. for 
Holsteins. When weather permitted, the calves were exercised in dry lots 
adjacent to the calf barn. 

The calves were weighed at weekly intervals. Records were kept of all feed 
consumed. At monthly intervals the calves were rated on their physical condition. 
Daily records were kept on the health of the calves. If a calf had scours or a 
cold accompanied by fever, either penicillin (intramuscularly) or sulfa drugs 
(per os) were administered. When calves had scours that were not accompanied 
by any rise in body temperature, treatment consisted only of omitting one or 
two milk feedings. 


RESULTS AND DISCUSSION 


The effeet of Aurofae on calf health is illustrated in Table 1. Seours or colds 
were classified as mild if not accompanied by fever and severe if accompanied 
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TABLE 1 


Health of young dairy calves when receiving Aurofac for 7 and 12 wk. 
and when receiving none 


Calf Condition Type of scours and colds observed each week * 
om— no. atbirth 1 2 3 4 5 6 7 8 9 10 11 12 
i 0217B Good 0 
* 
0138B Good 
Received Aurofae 0140B Good 
from birth 


through 7 wk. 418B Good 
367B Good 


* * 
368B Good 
II 0216B Good 
208B Good 
Received Aurofae 102B Good 00 
from birth 
through 12 wk. 0413B Poor 00 0 
417B Good 
0337B Good 
III 0220B Good 00 0 
(Control) 
0221B Good 00 
206B Good 
* 
0139B Good 0 
* 
0142B Good 
103B Good 00 
no Aurofac 0414B Gocd 00 «00 
0415B Good 000 0 
eee * 
416B Good 000 000 00 00 
* * eRe died 
0339B Good 000 000 000 
366B Good 00 000 0 
370B Good 000 00 
** Mild seours 0 Mild eold 
** Medium scours 00 Medium cold 
*** Severe scours 000 Severe cold 


by fever. The designation of medium was given to scours or colds that could not 
readily be classified as mild or severe. It will be noted (Table 1) that there 
were considerably fewer cases of colds and scours in the calves receiving Aurofae 
than in those of the control group. The difference between the calves receiving 
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Aurofae and the control calves probably is even greater than is apparent from 
Table 1, since the control calves received medication when scouring severely, 
whereas the necessity for similar treatment did not arise in the groups receiving 
Aurofae. 

The small amount of Aurofae used in this experiment appeared to be effective 
in controlling the severe types of scours and colds, since there were no occur- 
rences of these types in the calves receiving Aurofae. However, in other ex- 
periments to be reported later the authors observed that there apparently are 
certain types of infectious scours that are not controlled by low levels of Auro- 
fae administration. This, of course, is to be expected because of the variety 
of organisms responsible for infectious calf scours. It is interesting to note 
that although calves in group 1 received Aurofac from birth through 7 weeks 
of age only, they remained as free from calf diseases from then through the 
twelfth week as did the calves in group 2, which received Aurofac throughout 
the 12-weeks period, whereas in the control calves there was a high incidence of 
scours and colds. 

Previously, when relatively large numbers of calves were raised in the barn 
used in this experiment, the incidence of scours and colds and associated death 
losses were considered extremely high. In many large dairies where special 
ealf quarters are provided, the premises apparently become seeded with many 
organisms responsible for calf mortality. Even with the most careful cleaning 
and disinfecting procedures, the control of calf diseases is most difficult. The 
previous history of conditions in the barn used for this experiment indicated 
an opportunity to test the efficacy of aureomycin in checking or controlling 


—— CONTROLS 
SUPPLEMENTED FOR IST 7 WEEKS ONL y (GROUP 1) 
\——4 SUPPLEMENTED FOR 12 WEEKS (GROUP 11) 

----- RAGSDALE GROWTH STO 

(WEIGHTED AVERAGE) 


20 


WEEKLY WEIGHT IN PERCENT OF BIRTH 


WEEKS OF AGE 


Fie. 1. Comparative growth response of calves receiving 3 g. Aurofac (equivalent to 15 mg. 
aureomycin) daily per 100 lb. body wt. for periods of 7 and 12 wk., of control calves and of 
Ragsdale growth standard weighted by breed and sex. 
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disease and mortality among calves where the existing trouble magnifies the 
need for some control aid. 
From birth through 7 weeks of age, gains made by both groups of calves 


TABLE 2 


Body weight, physical condition, feed intake and efficiency of gain of dairy calves 
receiving Aurofac for 7 and 12 wk. and when receiving none 


Data lst 7 wk. 8-12 wk. 


Group III Group III 
Group I Group II (Control) GroupI Group II (Control) 


Amt. of Aurofae received 


/100 Ib. calf wt. daily............... 3g. 3g. None None 3g. None 
6 6 12 6 6 12 
Av. actual daily gain (Ib.)........... 0.78 0.83 0.52 0.87 1.35 1.02 
Av. expected daily gain (1b.)*..... 0.78 0.74 0.75 1.19 1.19 1.18 
Condition rating............................ 70 65 48 63 77 50 
Av. weekly intake/ 

100 Ib. body wt. 

1.32 1.95 1.67 2.43 2.02 4.32 

3.38 3.86 2.17 7.59 10.35 8.47 
ps ig sre 1.76 1.72 2.20 2.39 1.83 2.08 
Lb. dig. protein/Ib. gain.............. 0.41 0.39 0.53 0.57 0.39 0.48 


* Computed from Ragsdale growth standard (weighted average). 


that received Aurofae were superior to gains made by the control animals 
(Figure 1 and Table 2). The average weight at the end of 7 weeks for the two 
groups of calves receiving Aurofae was 155 per cent of the average birth weight 
for calves in group 1 and 159 per cent for those in group 2. At the end of 7 
weeks the control calves averaged 138 per cent of birth weight. The Ragsdale 
growth standard (13), weighted by breed and sex, indicates an expected in- 
crease of 150 per cent. When Aurofac was taken out of the diet of the calves 
in group 1 at the end of the seventh week, there was a noticeable decrease in 
rate of gain. The average weight for calves in group 1 at the end of 12 weeks 
was 199 per cent of their average birth weight, and the calves in group 2, re- 
ceiving Aurofae for 12 weeks, had an average weight of 228 per cent of their 
average birth weight. At the end of the twelfth week the control calves aver- 
aged 190 per cent of birth weight; for the same period, the Ragsdale growth 
standard indicates an increase of 207 per cent. To determine whether the gains 
of the calves in groups 1 and 2 (excluding the growth data for group 1 calves 
when not receiving Aurofac) were significantly different from the controls, 
the slope of the log of the weight versus age straight lines (not shown) were 
treated statistically from 3 through 12 weeks of age. This period was used be- 
cause the lines were straight during this period. The slopes of the lines were 
found to diverge significantly (the difference between the regression coefficients 
was 6.9 times the standard error of the difference), indicating that the gain 
of the Aurofae-fed calves was significantly greater than that of the controls. 
Although the calves in group 1 slowed down in rate of gain after Aurofac 
was taken out of the diet (8 through 12 weeks), they did not lose weight and 
at 12 weeks of age were in better condition (Table 2) than the controls. From 
birth through 12 weeks of age, there was no statistically significant difference 
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between the gain of the calves in group 1 and the controls, indicating that the 
growth advantage gained from feeding Aurofae for the first 7 weeks was largely 
lost by the time the calves were 12 weeks of age. It is of interest to note that 
the calves in group 1 maintained their previous rate of growth for 1 week after 
the administration of Aurofac was stopped. This indicates that one or more 
administrations of Aurofac may have sufficient carry-over effect in growth 
response to make it feasible to administer Aurofac only once each week. 


The average weekly intake of hay and grain by the calves receiving Aurofae 
and those used as controls is shown in Table 2. For purposes of comparison, the 
intakes are expressed on an equal weight basis, computed by using the log of 
the weekly weights for each calf and averaging them to obtain the average log 
weight for the period. The average log weight then was converted into the 
geometric mean by determining the anti-log. Then these mean weights were 
used to compute the average weekly intake of hay or grain on a 100 lb. body 
weight basis. During the first 7 weeks there appeared to be no consistent dif- 
ference in the hay consumption by the calves receiving Aurofac and by the 
control calves. An analysis of variance of the data showed, with considerable 
confidence (P > 0.50), that there was no important difference in hay con- 
sumption at this age. From 8 through 12 weeks the control calves ate 115 per 
cent more hay than did the calves that received Aurofac. An analysis of variance 
of the data showed no significant differences among the groups. However, since 
the F ratio approached the conventional point at which the difference would 
be considered significant, the assumption that Aurofac feeding does not depress 
hay consumption at this age is accepted only tentatively. 

During the first 7 weeks, the calves receiving Aurofac consumed 67 per cent 
more grain on the average than did the control calves, and 22 per cent more 
during the period from 8 to 12 weeks, inclusive. However, an analysis of 
variance of these data failed to show that the observed differences in average 
grain intakes of the groups were statistically significant. 

At 2, 3, and 4 weeks of age, the average grain consumption per calf for both 
control calves and those receiving Aurofae was similar in amount (data not pre- 
sented). Starting at 5 weeks, however, the calves receiving Aurofae ate more 
grain on the average than the control calves and continued to have a greater 
appetite for grain for the remainder of the experiment. The average weekly 
grain consumption per calf for the two groups of calves receiving Aurofae and 
for the control group during the fifth week was as follows: Group 1, 4.7 lb.; 
group 2, 4.2 lb.; control, 2.0 lb. It is interesting to note also (Figure 1) that 
the divergence of the average growth curve of the calves receiving Aurofae from 
that of the control calves began at about 5 weeks of age. It would, therefore, 
appear that the stimulated growth of the calves receiving Aurofac is, at least 
partially, the result of an increased appetite for grain at an earlier age. This 
deduction cannot be fully supported since, as previously stated, statistical 
analysis of the grain consumption data showed no significant differences among 
groups due to Aurofae feeding. Again, it might be well to emphasize that sick- 
ness prevailed in the control calves, which may have affected grain consumption. 
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Reports in the literature concerning the effect of aureomycin on grain or starter 
consumption are conflicting. MacKay et al. (9) found no evidence of increased 
calf starter consumption resulting from the feeding of aureomycin. Loosli et al. 
(8) found that calves fed aureomycin consumed approximately 40 per cent more 
grain than did control calves. Rusoff et al. (17) also noted that aureomycin-fed 
calves consumed more calf starter than control calves and inferred from this 
that the stimulated appetite results in increased growth. It is not clear whether 
the grain or starter consumption data in the latter two experiments were tested 
statistically. 

No differences were found among the groups in regard to the age at which 
the calves started to consume hay. The calves receiving Aurofac consumed less 
total digestible nutrients (TDN) and digestible protein per pound of gain than 
did the control calves (Table 2). An analysis of variance of the data showed 
that these differences were not significant. The analysis of the TDN data from 
birth through 7 weeks, however, produced an F value that approached sig- 
nificance (P = .07). Rusoff et al. (17) reported no significant differences be- 
tween aureomycin-fed and control calves in regard to feed efficiency. MacKay 
et al. (9) noted that calves fed aureomycin used more TDN per pound of gain 
than did control calves. This difference was not significant. In preliminary 
reports where apparently the data were not tested statistically, Loosli ef al. (8) 
and Murley et al. (12) indicated that aureomycin-fed calves used less TDN per 
pound of gain than did control calves. 

Calves receiving Aurofac obtained a higher condition rating than did the 
control calves (Table 2). They appeared to be more thrifty, had sleeker hair 
coats and more solid muscular appearance. Rusoff (15) observed similar results. 


In order to obtain information concerning the effect of Aurofae feeding on 
rumination, the left flanks of certain control animals and ealves receiving Auro- 
fac were palpated periodically to determine the number of rumen movements 
per minute, the strength of the movements, and the apparent tone of the rumen. 
Since eating will affect rumination, the calves always were checked at the same 
time of day. The number of movements were counted during 5-minute inter- 
vals and expressed as movements per minute. Rumen tone was classified and 
scored as follows: quite soft, 1; soft, 2; medium, 3; hard, 4, and quite hard, 5. 
In previous studies at this station (6) it had been observed that when cows 
were fed large quantities of finely ground roughage they ceased ruminating 
and had very soft, flabby rumen tone. Tone such as this was indicated by a score 
of 1. Cows in normal health and fed normal rations usually had a firmer tone, 
averaging a score of 3 to 4. The strength of the movements was classified and 
seored as follows: quite weak, 1; weak, 2; medium, 3; strong, 4, and quite 
strong, 5. On this basis cows ruminating normally received a score of about 3 
when not eating and about 4 when eating. 


No great differences were noticeable between controls and calves receiving 
Aurofac in regard to the strength and number of rumen movements and rumen 
tone. At 12 weeks of age five randomly selected control calves averaged 2 rumen 
movements per minute and had an average score of 2.2 for strength of move- 
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ment and 2.8 for tone. At this age five calves receiving Aurofae averaged 1.9 
movements per minute and had an average score of 2.6 for strength of move- 
ment and 3.6 for tone. No difference was observed between the groups in regard 
to age when the calves started ruminating. A few control calves and some 
receiving Aurofac were observed chewing cuds at 3 weeks of age. In a few 
instances rumen movements were felt both in calves receiving Aurofac and in 
controls at 2 weeks of age. On the other hand, rumen movements were not felt 
in some instances until the calves were 6 and 7 weeks of age. It seemed that, 
under the conditions of this experiment, Aurofac administration did not affect 
rumination. 


SUMMARY 


Twenty-four newborn calves of four breeds were randomly divided into 
three groups. Six calves in group 1 were fed a normal diet supplemented with 
a product from aureomyecin fermentation (Lederle’s Aurofac) for the first 7 
weeks and six calves in group 2 were supplemented for the duration of the 
experiment (12 weeks). Twelve control calves (group 3) received only a normal 
diet. Aurofac contained 5 mg. of aureomycin per gram and was ingested once 
daily, by capsule, at the rate of 3 g. per 100 lb. body weight. The experiment 
was conducted in a barn that had proved unfavorable for successful calf raising. 

At the end of the experiment the weight of the calves receiving Aurofac for 
12 weeks (group 2) averaged 228 per cent of birth weight, whereas the weight 
of the control calves averaged 190 per cent. This difference was statistically 
significant. When Aurofae was taken out of the diet of the calves in group 1 
at the end of the seventh week, there was a decrease in rate of gain. However, 
the calves in group 1 maintained their previous rate of growth for one week 
after the administration of Aurofac was stopped, indicating a possible carry- 
over effect. 

The administration of Aurofac resulted in a considerable reduction in the 
incidence of seours and colds, and the calves were in better physical condition 
than the control calves. During the first 7 weeks, calves receiving Aurofae 
consumed 67 per cent more grain than did control calves and 22 per cent more 
from 7 through 12 weeks. These differences, however, were not statistically 
significant. During the first 7 weeks there appeared to be no consistent differ- 
ence in the hay consumption by the calves receiving Aurofae and by the control 
calves. From 7 through 12 weeks the control calves ate 115 per cent more hay 
than did the calves that received Aurofae. Again, the difference was not 
statistically significant. The calves receiving Aurofae consumed less TDN and 
digestible protein per pound of gain than did the control calves. These dif- 
ferences also were not statistically significant. 

Under the conditions of this experiment, Aurofae supplementation did not 
affect rumination, rumen tone, or rumen movements. 
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DRIED GRAPEFRUIT PULP AS A CONCENTRATE 
FOR DAIRY HEIFERS * * 


F. G. HARLAND anpb R. N. DAVIS 


Department of Dairy Husbandry, University of Arizona, Tucson 


The value of dehydrated citrus pulp in the rations of dairy and beef cattle 
is well known (1, 2, 3, 4,7). In this paper experiments are reported which show 
its value as a replacement for concentrates in the rations of dairy heifers. 


EXPERIMENTAL 

Six-month-old heifers were divided into two groups uniform as to size and 
breed and placed on experiment for 6 months. One group containing eight 
Guernsey, sixteen Holstein, and nine Jersey heifers was fed 2 lb. daily of dried 
grapefruit pulp as the only source of concentrate; the other group, consisting 
of nine, thirteen, and nine, respectively, of the same breeds was fed 2 Ib. daily 
of a grain concentrate mixture. Also, both groups were fed alfalfa hay ad 
libitum. The grain concentrate mixture consisted of 37.3 per cent rolled barley, 
26.6 per cent whole oats, 26.6 per cent wheat bran, 7.5 per cent cottonseed meal, 
and 2.0 per cent minerals. The T.D.N. content was 72.6 per cent and the net 
energy value was calculated to be 70.5 therms per hundredweight. The dried 
grapefruit pulp had the following average composition: 7.2 per cent protein, 
1.7 per cent fat, 13.5 per cent fiber, 7.4 per cent ash, 61.2 per cent nitrogen- 
free-extract, and 8.9 per cent moisture. The net energy value was 74.5 therms 
per hundredweight. Morrison (5) stated that the product contained 75.8 per 
cent T.D.N. In all cases, the amounts of the nutrients fed exceeded the recom- 
mended allowances set forth by Morrison for animals of that size. 

The height at withers and the weight of the animals were determined monthly. 
The height-measuring device consisted of an upright scale with a tightly fitting 
eross-arm and a built-in level to insure accuracy. The instrument was read to 
the nearest 0.25 inch. 

The breeding efficiency was determined by the percentage of non-returns 
from the first or second service. 

RESULTS 

Comparison of the growth of the animals in the experimental and control 
groups. The data in Table 1 show that the experimental animals made essentially 
the same growth as the control group. Both groups made consistently more 
rapid growth than reported by Ragsdale (6), referred to as the standard. The 
results of the statistical analysis show there was no significant difference in 
gain in weight over the 6-months experimental period, as indicated by ¢t values 
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* Data contained in this publication are from a thesis submitted by the senior author to the 
Graduate College of the University of Arizona in partial fulfillment of the requirements for the 


degree of Master of Science. 
*The authors are indebted to E. G. Harrington, Exchange Orange Products Co., Tempe, 
Arizona, for generous supplies of dried grapefruit pulp. 
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TABLE 1 


Mean weights and heights of calves on concentrates, 
dried citrus and standard 


Breed Weight Height at withers 
and Wt. gained 
group Birth 6mo. 9mo. 12 mo. 6mo. 9mo. 2 mo. 
(lb.) (lb.) (Ub) (lb.) (in.) (in.) (in.) 
Guernsey 
Standard 65 260 389 490 230 36.9 40.9 43.3 
Citrus 59 290 405 524 234 + 14.4 38.1 46.7 42.6 
Control 63 324 477 602 278 + 25.8 38.6 41.9 43.5 
Holstein 
Standard 90 355 509 632 277 39.7 43.5 46.0 
Citrus 91 397 564 711 314 + 25.3 40.4 44.0 47.3 
Control 91 403 576 710 307 + 12.6 40.6 44.5 47.4 
Jersey 
Standard 53 243 360 450 207 36.2 40.1 42.2 
Citrus 51 279 395 497 218 + 15.9 36.7 39.9 42.4 
Control 53 268 377 505 si = KT 36.4 39.5 41.5 


of 1.49, 0.41 and 1.02 for the Guernsey, Holstein and Jersey groups with seven, 
twelve, and eight degrees of freedom, respectively (8). 

There was no difference noted in the glossiness of the hair of the animals. 
Possibly this may be explained by the fact that the maximum effect of hair 
gloss was supplied by the alfalfa hay, and no new increment should be expected 
from the dried grapefruit pulp. This observation is not in accord with that of 
Copeland and Shepardson (3), who noted that animals fed citrus rations had 
a more glossy coat of hair than did the control groups. 

Effect on breeding efficiency. An analysis of the subsequent breeding records 
was made to determine the effect of feeding dried grapefruit pulp on the breed- 
ing efficiency of the animals. The citrus groups had a combined breeding 
efficiency of 92.2 per cent conceptions on the first two services or non-returns, 
as compared with 80.4 per cent for the control groups. The 28 females in the 
citrus groups had 45 pregnancies from 70 services as compared with 51 preg- 
nancies from 71 services for the 26 animals in the control groups. 


SUMMARY AND CONCLUSIONS 


Thirty-three heifers of the Guernsey, Holstein, and Jersey breeds were fed 
dried grapefruit pulp as a substitute for the regular calf grain mixture. They 
were compared with 31 heifers from the same breeds which received a grain 
concentrate ration. The 31 heifers which received the grain concentrate showed 
slightly larger growth, as indicated by the slightly higher gains in body weight 
of the Guernsey and Jersey heifers. Statistical analysis of the data showed no 
significant difference in the growth of the two groups. 

This study has shown that 2 lb. of dried grapefruit pulp can replace an 
equal amount of regular calf grain mixture in the rations of six-months-old 
calves when good quality alfalfa hay is fed in liberal amounts. 

There was no significant difference in the breeding efficiency of the two 
groups as shown by an analysis of the per cent of conceptions. 
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THE BACTERIOLOGY OF THE BOVINE RUMEN: A REVIEW 


RAYMOND N. DOETSCH anp ROSLYN Q. ROBINSON 
Department of Bacteriology, University of Maryland 
College Park 


INTRODUCTION 


The microcosm of the bovine rumen is being explored with fervor by an 
ever-increasing number of bacteriologists. Most of the published investigations 
in this field have been made since 1940. It is now evident that the importance 
of studies on the rumen bacterial flora to problems of general interest such as 
ecology, synergism, antibiosis, and symbiosis is fully realized. Such practical . 
problems as meat and milk production, utilization of feedstuffs, cellulose de- 
composition, and vitamin and protein synthesis need no further comment to 
justify exploration. 

The indigenous bacterial flora of the rumen develops under conditions im- 
posed by this unique and intricately constructed organ. The rumen is anaerobic 
and the reaction of the contents therein is usually near neutrality ; the temper- 
ature is 39° C., and in most cases cellulosic matter is present in quantity. These 
conditions might be thought somewhat restrictive on bacterial activity. Actually 
the total number of viable bacteria is extremely great. A number of physio- 
logical types may be present in each of the morphological groupings of bacteria. 
The rumen has been compared to a fermentation vat, but it should be con- 
sidered a much more complex dynamic system. 

The functions of the rumen bacterial flora are vital to the physiological 
well-being of the bovine. The problems involved in elucidating the specific 
role played by various groups of bacteria are difficult to solve. It should be 
apparent that in a complex and interacting population the classical methods 
of pure culture study will yield scant data on the population as a whole. There- 
fore, the development of additional techniques is indicated. 

The necessity for a rumen bacterial flora is illustrated particularly well in 
cellulose digestion. In this instance one of the principal materials of the animal’s 
diet must first be utilized by bacteria, since cellulase is a microbial and not a 
mammalian enzyme. Other examples of the essentiality of rumen bacteria to 
the bovine ruminant will appear throughout this review. 

Various aspects of ‘‘ruminology’’ have been excellently reviewed. The 
articles by Elsden and Phillipson (37), Goss (50), Hastings (52), McAnally 
and Phillipson (81), Marston (92), Owen (98, 99), Thaysen (122) and Thorn- 
ton et al. (123) should be consulted. 

This review will be concerned principally with papers dealing with the bac- 
teriology of the bovine rumen which have been published since 1946. Work 
has been done on the bacteriology of the sheeep rumen also. Sheep are more 
amenable to the studies because of greater ease of handling, lower cost, and 
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usefulness in kinetic studies of the rumen. Many of the data obtained probably 
ean be transferred to the bovine with little modification. There seems to be no 
need, however, to justify studies on the bovine rumen, particularly in view of 
the somewhat disparate physiological activities of the two species. A number 
of recent studies have resulted in an accumulation of data on problems specific 
to the bovine, and these can be considered here. 


BACTERIOLOGICAL STUDIES OF THE BOVINE RUMEN 


The technical problems involved in bacteriological studies of the bovine 
rumen are many and varied. Difficulty is encountered immediately when the 
problem of sampling is considered. Two methods of approach are available: 
a sample is taken either by means of a stomach tube or via a permanent fistula. 

The first method is indicated when a number of animals are to be sampled. 
This method is simple and requires no alteration of the animal. However, the 
exact location in the rumen from which the sample is obtained is unknown, 
and it may not be representative of the entire rumen ingesta. If adequate facil- 
ities are not available for holding the animal, or if the animal is ‘‘off-feed’’ 
for some reason, the sampling process may be more difficult. 

The second method is useful when the same animals are to be studied over 
a period of time. Fistulation techniques have developed to the point that 
fistulas cause relatively little discomfort to the animal or trouble to the keeper. 
Samples can be obtained conveniently from various locations within the rumen. 
Greater quantities of material can be obtained within a short time, regardless 
of the physiological condition of the animals. The disadvantage of this method 
is that it requires a surgical operation. In addition, the alteration is permanent 
and represents an artificiality which may influence the rumen in ways not as 
vet perceived. 

After a sample has been taken, it is usually studied by one or more of the 
following methods: (A) microscopically, (B) culturally, (C) by differential 
centrifugation to obtain mixed bacterial suspensions, and (D) as inoculum 
for an artificial rumen. 


A. Microscopic Methods. 


For many years rumen samples have been examined microscopically. The 
microscope is used in conjunction with cultural methods, but in this section the 
microscope as used alone will be discussed. 

The method in essence consists of diluting a rumen sample, shaking or 
agitating by some means, placing on a measured area of a glass slide or in a 
eounting chamber and examining microscopically with one or several objectives. 
The material on the slide may be dried, stained, and then examined. 

The addition of a solution of iodine to a rumen sample causes some organ- 
isms or granules contained within them to stain dark blue. Organisms which 
are so colored are termed ‘‘iodophilic.’’ This reaction has been known for many 
years and has been used in observing organisms concerned in the decomposition 
of starch and cellulose. It is thought that the reaction of iodine with a starch- 
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like polysaccharide synthesized by the organisms is responsible for the color 
observed. 

Kohler (70) diluted rumen samples and centrifuged lightly to remove pro- 
tozoa, food particles, etc. The supernatant was passed through filter membranes 
to further remove the bacterial clumps and residual food particles. One- 
hundredth-ml. amounts were spread on known areas of a glass slide, dried, and 
stained with carbol fuchsin. Smith and Baker (118) diluted a 25-ml. rumen 
sample with 75 ml. of 3.5 per cent formaldehyde. The sample was shaken and 
1 ml. was transferred to a flat-bottomed watch glass. One ml. of Gram’s iodine 
was added and the mixture agitated with a glass rod. A drop of standard size 
was transferred immediately to a counting chamber and observed. Gall et al. 
(49) made 1:1,000 and 1:10,000 dilutions of rumen samples, using 1 per cent 
glucose as diluent. After shaking at 240 strokes for 5 minutes, 0.01 ml. of the 
sample was transferred by means of a standard loop to a 2 * 2 em. square on 
a glass slide. One loopful of one-half saturated methyl alcohol solution of 
nigrosine was added and mixed, and the sample was dried quickly on a hot 
plate. Four hundred organisms were counted for each examination. Baker and 
Nasr (8) preserved their samples with 10-per cent formaldehyde. When 
necessary, the samples were fractionated by centrifuging at speeds from 500 to 
10,000 r.p.m. The resulting sediments were stained with iodine solutions for 
further study. Bortree et al. (15,16) preserved samples in formalin and then 
stained films with crystal violet for total counts. Gram’s iodine was used to 
stain iodophilic organisms which then were observed in a Petroff-Hauser count- 
ing chamber. Gall ef al. (42) made Gram stains from 1:10 dilutions made with 
distilled water. These workers also made 1:10 and 1:100 dilutions and shook 
them mechanically for 3 minutes. Ten to 40 fields of the 1:1,000 nigrosine 
preparation (Gall ef al., 49) were examined. .\ Breed pipette was employed. 
Pounden and Hibbs (106) examined undiluted rumen samples in order to ob- 
serve the bacteria attached directly to food particles. Gram stains also were 
made. Moir and Williams (94), working with sheep, made 1:500 dilutions in 
a Thoma pipette, using a 0.1-per cent solution of aniline blue. The samples 
then were studied in a Petroff-Hauser counting chamber. Van der Wath (125) 
also used a Petroff-Hauser counting chamber after a somewhat elaborate prep- 
aration of the sample. Nile blue sulfate was employed as a staining agent. 

The chief advantage of the microscopic method is that it allows the in- 
vestigator to observe directly the morphological types of bacteria in a given 
sample. Further, the bacteria may be seen in relation to their natural environ- 
ment (Baker 4, 5). Organisms not readily cultivatable also may be seen, and 
quantitative estimates of the population may be made. Variations in certain 
readily identifiable organisms may be detected and thus serve as useful guides 
to population changes. In this regard Bortree et al. (15,16) studied the effect 
of natural vs. semi-synthetic diets and various feeds on the rumen population, 
and Gall et al. (41, 43, 48) and Burroughs et al. (21) studied the effect of 
winter rations vs. pasture, factors influencing roughage digestion, and cobalt 
deficiency on the rumen flora. Pounden and Hibbs (106, 107, 110) showed the 
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influence of ration and rumen inoculation on the rumen flora, and Baker and 
Nasr (8) used the microscope in their study of starch and cellulose decomposition. 

Baker (4, 5) recognized iodophilie and aniodophilic organisms in the rumen. 
The iodophilic forms were classified further as free or fixed. Starch and cellulose 
were decomposed by the fixed forms and usually were associated with starch 
and vegetable fragments. The free forms were found in suspension in the 
rumen liquid. Smith and Baker (118) identified the iodophilic bacteria of the 
rumen as follows: (a) large bacteria which they classified as members of the 
genera Amylococcus, Amylosarcina, Amylobacterium and Amylospirillum, and 
(b) small bacteria with no specifically distinct morphological characteristics. 
Bortree et al. (15, 16) made use of iodophilic bacteria as indicator organisms 
in their studies of the effect of diet on the rumen flora. Baker and Harriss (7) 
emphasized the importance of fixed iodophilie bacteria in the decomposition of 
starch. 

Perhaps more extensive use has been made of the microscopic method in 
estimating bacterial populations in rumen samples. Kohler (70) obtained a 
maximum count of 12.8 < 10° per gram while Gall et al. (49) found 76 to 
92 10° per gram, depending upon the method employed to obtain the sample, 
i.e., stomach tube or fistula. Gall et al. (41) reported counts of 150 < 10° per 
gram on rumen contents of cattle fed winter rations. In further work these 
investigators (43) obtained counts of 52 10° per gram on samples from 
eattle on winter rations and 96 < 10° per gram on summer rations. In studies 
on sheep with various dietary intakes of cobalt 30 to 56 < 10° per gram were 
reported (48). Bryant (17) obtained counts of 17 10° per gram on rumen 
samples from cattle on a constant ration. Agrawala (1) found that the total 
bacteria count and iodophile count were lower in cattle fed a purified ration 
than in those fed normal rations. 

While recognizing the value of the microscopic methods as a tool in the study 
of rumen bacteria, its limitations also should be noted. The error involved in 
making numerical estimates is rather large. Difficulty is experienced in dis- 
tinguishing between organisms, plant material, ete. Usually several dilutions 
must be made to remove the larger part of this material and the protozoa. The 
microscopic factor becomes enormous, and so does the chance for error. The 
microscope has been used as a check on cultural methods (Gall et al., 49; Bryant, 
17). There is no doubt that a higher count is obtained with the microscope be- 
cause of the inclusion of dead forms and artifacts. How far one can expect the 
two methods to correspond is not yet known. Adding iodine solutions to rumen 
samples in order to determine iodophilie bacteria has not yielded much definitive 
information. Many of the larger ‘‘iodophilie forms’? may be protozoa, whereas 
the smaller bacteria are difficult to distinguish. Conclusions should not be too 
finely drawn, mainly beeause of the limitations on the number of morphological 
types and the much larger number of physiological types. The results seem to 
be broadly quantitative and for the most part descriptive. There is little doubt 
that in conjunction with other methods the value of the microscope is enhanced. 
It should be emphasized that the microscope is useful but should not be relied 
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upon too heavily to solve the problems encountered in studying the finer modus 
operandi of rumen bacteria. 


B. Cultural Methods. 


Cultural methods have been employed in studies of rumen bacteria. Samples 
are processed in a variety of ways, depending upon the interests of the in- 
vestigator. One works with living organisms and can usually isolate many of 
them in pure culture. 

The cellulose-digesting bacteria of the rumen have been studied by Kohler 
(70), Baker and Harriss (7), Hungate (59, 61, 62, 63) and Sypestyn (119, 120). 
Propionic acid-producing bacteria from sheep have been studied by Elsden and 
Phillipson (37) and Johns (67). 

The general bacteriological problems of the bovine rumen have been in- 
vestigated by Gall ef al. (42, 48, 45, 46, 48, 49), Hungate (63), Huhtanen ef al. 
(57, 58), Bryant (17) and Doetsch et al. (31). Prior to these investigations, 
little information was available on the technical procedures to follow in at- 
tempting to culture bacteria from rumen samples. Gall and her associates in 
their series of papers have stressed the necessity for anaerobiosis (49), tempera- 
ture control (42) and speed in processing the sample (49). Several media have 
been suggested by this group for culturing maximum numbers of rumen bacteria. 
Hungate (63) and Heald (53) have devised media in which the nutritional and 
environmental conditions imposed approximate rumen conditions. Until the 
nutritional requirements of the rumen bacteria are better understood, it is 
probable that this approach will be considered sound. Doetsch et al. (31) have 
reported that rumen fluid contains substances stimulatory for some rumen bac- 
teria. Further investigations (McNeill and Doetsch, 91) reveal that the sub- 
stances are stable to acid and alkaline hydrolysis but are removed by adsorption. 
Anaerobic conditions must be maintained in the medium used for culturing 
rumen organisms, since the majority are strict anaerobes. Kohler (70) and 
Hungate (63) used an atmosphere of carbon dioxide to maintain anaerobiosis, 
although Gall et al. have reported success with vaspar seals (42, 49, 57). Usually 
ineubation is carried out at 39° C. 

The sample first is diluted with a suitable diluent (Hungate, 63; Doetsch 
et al., 31; Bryant, 17; Huhtanen et al., 57). Some of these diluents incorporate 
a redox indicator, salts and preferably some reducing agents to maintain a suit- 
able low Eh. The dilutions then are placed into the media under anaerobic 
conditions (usually a stream of nitrogen or carbon dioxide) and incubated at 
39° C. Huhtanen et al. (57) modified the media proposed by Gall et al. (49). 
Further work was done on devising dilution blanks which would hold a low Eh. 
In an effort to reduce the difficulty of isolating pure cultures from tubes, a 
plating technique was introduced using a Brewer dish. 

From cultural studies on rumen samples, data on the macroscopic colonial 
morphology, time necessary for appearance of growth, microscopic morphology, 
earbon and nitrogen metabolism and growth factor requirements of many bac- 
teria can be determined. Elsden and Phillipson (37)- and Gall and Huhtanen 
(46) have suggested criteria requisite for true rumen bacteria. Emphasis is 
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placed on ability to produce a reaction known to occur in the rumen and pres- 
ence of bacteria in sufficient numbers to bring the reaction about. 

As early as 1928 Bechdel et al. (12) isolated an organism which was identified 
as Flavobacterium vitarumen. This bacterium was grown on plain nutrient agar 
under aerobic conditions. Since that report pure cultures of other species have 
been isolated from the rumen. Most of these have been cellulose-decomposing 
bacteria. Hungate (59, 63) isolated Clostridium cellobioparus, Bacteroides suc- 
cinogenes and several cocci, and Sypestyn (119, 120) described Ruminococcus 
flavefaciens. Johns (67) isolated Veillonella gazogenes, an anaerobic, propionic 
acid producing coccus from the sheep rumen. Gall et al. (46) have deseribed 
pure cultures of lactic acid bacteria but have refrained from assigning names. 
Bryant (17) also has isolated and characterized numerous pure cultures but 
also has refrained from naming them. 

In addition to isolating pure cultures of bacteria the culture method has 
been employed for obtaining estimates of the total living bacterial population 
in the rumen. 

Gall et al. (49) found 50 to 100 < 10° per gram and Bryant (17) reported 
1.8 « 10° per gram. Hungate (60) enumerated 18 < 10° to 1x 10° per gram 
of cellulose decomposing organisms and Johns (67) obtained counts of 1 to 
7 < 10° per gram for Veillonella gazogenes. Usually solid media are used for 
making numerical estimates but liquid media dilution series have been used 
(Gall et al., 42, 43, 48, 49; Kohler, 70; Huhtanen, 57). 

Those who isolate pure cultures of bacteria from the rumen hope that they 
will be able to reconstruct some of the chief reactions taking place therein. 
However, it must be realized that pure cultures are abstractions which do not 
exist in nature. The rumen, a vast miliew of interaction, synergism, symbiosis 
and antagonism, may modify greatly the observed behavior of cultures in 
isolation. 

The problem of total viable counts is only relatively important. Such factors 
as food and water intake, kind of food, interval between food intake and 
sampling, method of sampling, and types of media used, plus the inherent 
errors in cultural techniques, will influence the results obtained. It can be said 
with certainty that the total population is large and quite active. Doetsch et al. 
(31) have shown that some of the recommendations for processing samples (Gall 
et al. 42,49) are unnecessary. 

Afer the nature of a given reaction in the rumen is ascertained, the cultural 
method assumes a more important role than it does when mere haphazard cul- 
tural work is done. 

There has been some speculation (Hastings, 52) that the rumen population, 
having arisen in close association with the ruminant, varies quantitatively, but 
little qualitatively. This problem will be easier to solve when the microbial 
population of the rumen bacteria is more fully described (Hungate, 64). Doetsch 
et al. (33), using the usual cultural techniques, have found insignificant numbers 
of common organisms, such as coliforms, Proteus spp., aerobic spore-formers, 
anaerobic spore-formers, and yeasts and molds in the rumen. 
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C. Washed Suspensions. 


Application of washed suspensions of rumen bacteria to the study of specific 
biochemical transformations is of relatively recent origin. Elsden and Sypestyn 
(38) in work on sheep used such suspensions to study the deearboxylation of 
succinate to propionate and carbon dioxide. Later, Johns (67) suggested a 
similar procedure. 

The suspension is obtained by a process of differential centrifugation, i.e., 
successive centrifuging at various speeds to remove the heavier fractions of 
rumen sample. Johns (67) filtered rumen fluid through muslin and centrifuged 
momentarily at 200 r.p.m. Next, the supernatant was centrifuged at 2,000 
r.p.m. for 5 minutes. Finally, the supernatant was centrifuged at 2,000 r.p.m. 
for 30 minutes. The residue was suspended in distilled water in which enough 
sodium sulfide was added to give a final concentration of 0.02 per cent. No 
claim is made that all of the bacteria of the sample are obtained, but a standard- 
ized procedure can be adopted which results in a nearly constant fraction. The 
suspension is used in manometric studies under controlled conditions of the 
investigator’s choice. This method has been used with success by Lewis (73, 74) 
in his study of nitrate reduction. 

In the previous section it has been shown that an analysis of the population 
of the rumen can be made by studying the physiological activity of pure cul- 
tures and then trying to equate this activity to the total rumen function. Elsden 
(35) has pointed out that if one does not know what to look for specifically, it 
is difficult or impossible to know what to isolate. The result is usually a mis- 
cellaneous collection of hundreds of cultures. Contrariwise, the nature and 
extent of transformations brought about in the rumen are readily studied by 
the use of washed suspensions. 

The chief advantages of washed suspensions are: a controlled non-prolifer- 
ating population; little activity in the absence of substrate; short experimental 
period ; and the necessity for only small amounts of substrate (Elsden, 35). 

The results obtained by Elsden and Sypestyn (38), Johns (67), and Lewis 
(73, 74) in using the washed suspension technique leave little doubt as to the 
usefulness of this method. It is evident that once basic biochemical mechanisms 
brought about by rumen bacteria are uncovered, the problem of isolating specific 
bacteria capable of bringing about these transformations is clarified. This tech- 
nique may be extended to pure cultures (Elsden et al., 36). 

Doetsch et al. (32) have observed that microscopic examinations of these 
washed suspensions show all of the chief morphological types when compared 
with those of a collection of pure cultures isolated from the rumen, thus sup- 
porting the evidence in favor of the use of such suspensions. The basic assump- 
tion of this method is that the quantitative aspect, i.e., the same density of cells 
at each determination, is controlled. Then the qualitative aspect is assumed to 
remain fairly constant. Obviously there may be conditions, such as disease, 
off-feed, changes in diet, ete., under which this may.not hold. Since a mixed 
suspension of bacteria is involved, side reactions brought about ky the various 
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physiological groups may complicate the principal reaction or make it difficult 
to perceive immediately. 
D. Artificial Rumen. 

In this technique an attempt is made to impose upon the withdrawn rumen 
sample conditions which duplicate those within the animal, so far as these are 
known. Alterations in these conditions then may be made and their effects 
noted. Wegner ef al. (129) added urea to rumen contents and after incubation 
at 37° C. determined inorganie nitrogen but obtained negative results. After 
some modifications, ammonia-nitrogen disappearance was measured as a criterion 
of bacterial growth. These workers criticized the artificial rumen in that there 
Was no movement, no diffusion, and no justification for measuring ammonia- 
nitrogen, since there are always two opposing factors at work: bacterial syn- 
thetic processes and decomposition reactions involving bacterial proteolytic 
enzymes. In the method of Pearson and Smith (103, 104) and Smith and Baker 
(118) samples of rumen ingesta strained through muslin were incubated at 
39° C. in a water bath for 2 to 4 hours under an atmosphere of air. These in- 
vestigators studied the effects of pH, type of carbohydrate present, temperature, 
gaseous environment, and urea concentration on the activity of rumen organisms. 
The conversion of urea to ammonia, synthesis and breakdown of protein, and 
correlation between protein synthesis and microbial ac‘ivity were involved. 
Since these experiments were short-term, no elaborate attempt was made to 
duplicate exactly the rumen conditions. Later work on the same project by 
McNaught and Owen (89), MeNaught et al. (90) and MeNaught (87, 88) was 
carried out on strained rumen samples from fistula animals. The material was 
centrifuged at 2,000 r.p.m. for 5 minutes. One pér cent maltose and 0.05 per 
cent urea were added and the non-protein nitrogen determined. The sample 
was incubated for 4 hours at 39° C., and non-protein nitrogen determinations 
again were made. Using this technique, the effect of various treatments on the 
synthesis of protein by rumen bacteria was studied. Among these studies were 
the effect of metals and the breakdown of carbohydrate which accompanies 
protein formation in the rumen. Ovaert ef al. (101) ineubated rumen samples 
to determine the effect of sulfanilamide on cellulose digestion. 

A rather elaborate device for in vitro study of rumen digestion was sug- 
gested by Louw ef al. (78). It consisted of a glass jar suspended in a water bath 
at controlled temperature. Fermentation products could be dialyzed through 
a Visking casing suspended in the growth medium. Various inlets and outlets 
were available for gassing, sampling, and the addition of buffers. The material 
was kept in constant motion by use of a stirrer. 

Burroughs ef al. (2, 18, 19, 20, 26, 27) also have made use of an artificial 
rumen in studying cellulose digestion and the effect of energy sources on urea 
utilization. The artificial rumen devised by this group consisted of 500-ml. 
glass fermentation flasks incubated in a water bath at 40° C. Three-holed stop- 
pers were inserted in the flasks for carbon dioxide inlet and outlet and for regu- 
lating the pH of the contents. The fermentations were carried out continu- 
ously in 36-hour periods. The original material came directly from the rumen, 
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but the inoculum for the second 36-hour period consisted of one-half the residue 
of the preceding fermentation. Cellulose digestion was determined chemically 
and Gram stains were made at the beginning and end of each fermentation 
period. Hoflund et al. (56) determined cellulose digestion by suspending cotton 
threads in incubated rumen fluid and observing the rate of disintegration as a 
measure of cellulolytic activity. Surgical gut composed of casein and peanut 
protein was studied in like manner to determine proteolytic activity. Burroughs 
et al. (25) consider the advantages of the artificial rumen to be: speed in ob- 
taining results, precision, and low cost. They admit that certain disadvantages 
attend the use of such a device. Among these are: results may not be truly 
representative, the end-products resulting cannot be controlled and different 
types of organisms may develop in different runs on the same substrates. Elsden 
(35) has added to these disadvantages the following: end products are already 
present, there is activity in the absence of added substrate, there are population 
increases, and the experiments are relatively long-term as compared to washed 
suspension technique. The permeable type of artificial rumen has been found to 
give better results than the impermeable (Gall and Glaws, 44). The permeable 
type has a cellophane sack immersed in the medium, through which fermentation 
products may diffuse. The reactions take place within the sack. The use of 
such a system obviates some criticism directed against the artificial rumen. 
This system has been employed by Wasserman et al. (128) in studying the effect 
of antibiotics on cellulose decomposition. 

The results obtained with the artificial rumen will be found under a diseus- 
sion of the various problems considered in this review. It should be pointed out 
that in the hands of the English workers (87, 89, 90, 103, 104, 118) the method 
has yielded a great deal of information on the conditions affecting the utiliza- 
tion of urea by the bovine. Only in a few instances have these results been 
verified in vivo. In this connection McNaught and Owen (89) found that the 
minimum concentration of o-phenanthroline required to suppress bacterial 
growth in a rumen sample as evidenced by protein synthesis was about 0.00005M. 
Theoretically 0.13 p.p.m. iron should be bound. The amount of iron in rumen 
fluid was found to be of about this order. The work of Burroughs et al. (18, 20, 
26, 27) has yielded interesting information regarding the necessity for mineral 
salts in the digestion of cellulose and has provided an explanation for the better 
digestion of the cellulose of good quality roughages. 


E. In Vivo Studies. 

In vivo studies generally have been made by using fistulated animals. Usually 
these experiments take the form of feeding or withholding some substance from 
the test animal and withdrawing rumen samples periodically. The essence of 
this method is that the experiment is performed within the animal, and after- 
wards the results are observed in some fashion. The same animal or group of 
animals is used throughout the experiment. 

The work of Lenkeit and Becker (72) with sheep is illustrative of the re- 
sults obtained with this method. They found that after urea was fed to animals, 
rumen samples subsequently removed showed no urea but an increase in am- 
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monia content. Monroe and Perkins (95) studied the pH values of the ingesta 
of the bovine rumen at 2-hour intervals throughout a test period. The acidity 
of rumen contents was greatest (lowest pl1) for the first several hours after 
feeding. Smith (117) inserted the electrodes of a pH meter directly into various 
locations in the rumen. Observations were made at intervals, and it was found 
that feeding beet pulp increased the acidity of the rumen contents. Lower pH 
values were obtained by this method than when the samples were checked after 
removal from the rumen. 

Wegner eft al. (130, 131) used the in vivo method to determine how the level 
of protein in the ration influences the rate of conversion of urea nitrogen to 
protein. Ammonia, non-protein nitrogen and total nitrogen were determined 
on the withdrawn samples. These investigators concluded that the rate of 
conversion of urea nitrogen to protein decreased as the level of protein in the 
ration became greater than 12 per cent. The level of total nitrogen found in 
the rumen was distinctly higher than in the ration fed. 

Hoflund et al. (56) studied cellulose digestion by suspending cotton threads 
into a fistulated animal and observing the time necessary for disintegration 
under various conditions. Glucose fed in amounts of 0.08 to 0.16 per cent of 
the ration decreased the time necessary for decomposition, whereas 0.4 per cent 
glucose caused a distinct increase. 

Under appropriate sections of this review further examples of the results 
obtained using the in vivo approach will be discussed. The work of Knight e¢ al. 
(69) on ascorbie acid; Mills et al. (93) on urea utilization; Lundquist and Phil- 
lips (79) on the effect of chlorobutanol on B vitamin synthesis in the rumen; of 
Comar et al. (29) on the partition of radioactive cobalt in the rumen; of Tosic 
and Mitchell (124) on the concentration of cobalt in the microorganisms of the 
sheep rumen; of Loosli et al. (77) on amino acid synthesis in sheep; of Bartley 
et al. (10, 11) on the effeet of feeding aureomycin to dairy calves, and of Agra- 
wala (1) on the synthesis of amino acids and vitamins in cattle fed normal and 
purified diets should be noted. 


It is apparent that wide use has been made of in vivo studies. This method 
gives results which require no further verification since no artificialities are 
introduced. 


FUNCTIONS OF RUMEN BACTERIA 


A symbiotic relationship exists between the ruminant and the bacteria found 
in the rumen in that the host supplies the bacteria with materials to be utilized 
and the bacteria in turn break down these substrates to products which may be 
absorbed into the blood stream (Thornton ef al., 123). The structure of the 
digestive tract lends itself to a mode of nutrition such as this. The very large 
volume and the slow transit of materials through the digestive tract enable 
great numbers of organisms to be present for a sufficient length of time for the 
bacterial degradation of the ingested food material. Notable among the functions 
of the bacterial flora are the digestion of cellulose, production of fatty acids, 
and the synthesis of proteins and vitamins. 
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A. Cellulose Digestion. 

The bovine ruminant possesses no salivary enzyme for the degradation of 
cellulose nor is there any such enzyme secreted into the rumen. Thus the 
degradation of cellulose is clearly a function performed by the flora found in 
the rumen. Prolonged chewing may facilitate the disintegration of cellulose, 
and it has been observed through microscopical studies that bacterial attack 
usually begins at the broken ends of fibers which exhibit ‘‘enzyme cavities,’’ or 
areas of obvious decomposition, surrounding the organisms responsible for the 
breakdown (Baker and Nasr, 8). The organisms which are concerned are a 
constant association of several morphologically distinct types which vary with 
the character of the cellulosic material. 

Several cellulose-decomposing bacteria have been isolated from the bovine 
rumen. Hungate (62) isolated cellulolytie bacteria in quantities ranging from 
18 < 10° to 1 < 10° per milliliter and showed that they were of two different 
types. The first, a Gram-negative streptococcus which ferments cellulose slowly 
in pure culture; the other, a more numerous irregular shaped rod showing 
very active cellulose digestion. These organisms do not appear to produce 
an extracellular cellulase, which has been observed in most other anaerobic 
cellulose-decomposing bacteria. Sypestyn (119, 120) isolated Ruminococcus 
flavefaciens from the rumen of the cow. This organism is a strictly anaerobie, 
Gram-positive streptococcus attacking cellulose and cellobiose but not maltose, 
glucose, lactose, or xylose. The end products of cellulose and cellobiose fer- 
mentations show that 25 per cent of the carbon was recovered as succinate, 23 
per cent as acetate, and 10 per cent as formate. Ethanol was absent and gas 
production very limited. This bacterium differs from a similar organism isolated 
by Hungate (63) in that lactate, cellobiose, and ethanol were produced. Hungate 
(59) isolated Clostridium cellobioparus from rumen contents in a dilution series 
of agar shake tubes. This organism grows well on both cellulose and cellobiose. 
Cellobiose is the chief digestion product of cellulose, and no glucose is formed, 
according to this investigator. Although some cellulolytic bacteria do not use 
glucose as a carbon source, it is probable that if this compound resulted from 
cellobiose hydrolysis in the rumen it would be metabolized rapidly by other 
organisms. In addition, a number of isolations have been made by Bryant (17), 
but he has not assigned names to these cultures. 

Many studies have been undertaken to determine the effect which various 
dietary factors have upon the digestion of cellulose. Conrad et al. (30) showed 
that certain microorganisms must be present in the rumen for the maximum 
utilization of cellulose. When roughage constitutes the entire dry feed, cud 
inoculations help to provide microorganisms which digest cellulose somewhat 
more efficiently than do microorganisms which have become established in the 
uninoculated calf. Quin et al. (111) found that rumen samples of cattle starved 
48 hours showed decreased ability to ferment sugar and digest cellulose. 

Burroughs et al. (27) showed that many feeds influence rumen micro- 
organisms in cellulose digestion. Dried distillers solubles, soybean oil meal, and 
linseed oil meal seem to be most helpful. These were followed by cane molasses, 
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corn, wheat bran, and cottonseed meal. Little or no effect was shown by meat 
serap, fish meal, liver or oats. Burroughs et al. (26) showed by artificial 
rumen technique that rumen microorganisms have varying requirements for 
sodium, potassium, calcium, magnesium, phosphorus, sulfur and chlorine. Iron 
and phosphors were found to be effective in stimulating cellulose digestion. 
These workers (20) have stated that such factors as temperature, moisture, pH, 
salts of saliva, anaerobiosis, absorption of organic acids, stirring, and light 
would have some effect on cellulose decomposition. Mineral salts, extracts of 
alfalfa, autoclaved rumen fluid, and autoclaved extracts of manure aided cellu- 
lose digestion. Burroughs et al. (23) used an artificial rumen for determination 
of the influence of good and poor quality roughage upon digestion of cellulose. 
It was shown that cellulose in good quality roughage was digested without 
supplementation, whereas poor quality roughages were not digested without 
supplementation with available nitrogen, mineral mixture, or autoclaved water 
extract of cow manure, each of which proved beneficial to the digestion of 
filter paper. 


Wasserman et al. (128) investigated the effect of several antibiotics upon 
cellulolytic bacteria by use of the artificial rumen technique. Results of this 
work showed that low concentrations of penicillin and streptomycin (12.5 yg 
per milliliter) and all concentrations of neomycin (25 wg per milliliter) stim- 
ulated the cellulose-decomposing organisms, whereas high concentrations of 
chloromycetin (25 per milliliter) and streptomycin (25 wg per milliliter) 
inhibited cellulolytie activity. Hungate (64) isolated 25 strains of cellulolytic 
bacteria and divided these into four groups: (a) Bacteroides, (b) butyric rods, 
(ce) a ecoceus, and (d) spore-formers. He suggested that the cellulolytic flora 
is not a constant association of organisms but that any one strain might pre- 
dominate, depending upon the particular animal and the particular time. 

B. Vitamin Synthesis. 

As early as 1928 Bechdel e¢ al. (12) reported that vitamins were synthesized 
in the rumen. They isolated Flavobacterium vitarumen, a Gram-negative bac- 
terium capable of synthesizing certain vitamins of the B complex. Since that 
time considerable work has been done which conclusively demonstrates vitamin 
production in the rumen. In addition, the influence of the ration composition 
upon the degree of vitamin synthesis has been investigated. 

McElroy and Goss (83) demonstrated that the ratio of the potency of 
pyridoxine in the rumen contents to the potency in the ration was 6 and 8 to 1. 
McElroy and Jukes (86) found that biotin was produced in the rumen of a 
cow receiving a ration low in this factor. Wegner et al. (132, 1383) determined 
that six members of the vitamin B complex appeared in higher concentrations 
in rumen contents than in the rations fed and that the amount of urea or protein 
in the grain mixture had little effect upon the vitamin content of the ingesta, 
with the exception of riboflavin. However, Lardinois et al. (71) made studies 
on the effect of the ration composition on the synthesis of vitamins of the B com- 
plex and found that the addition of urea as a nitrogen source increased the 
synthesis of riboflavin, nicotinic acid, biotin and pantothenic acid in the rumen 
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when readily available carbohydrate was present. In the absence of a readily 
fermentable carbohydrate and probably a low population of microorganisms 
the synthesis of the B complex is not at a maximum. Pyridoxine and folie 
acid could not be closely correlated with ration composition. McElroy and 
Goss (84) found no thiamin in fistulated animals fed on a vitamin-low diet 
but were able to detect thiamin in the rumen contents of a non-fistulated animal 
fed the deficient ration. Hunt et al. (66) found a greater thiamin content 4 
hours after feeding and a decreased amount 12 to 16 hours after feeding but 
later reported (65) that there was no evidence of synthesis of this vitamin 
when animals were fed on the same diet of yellow corn, alfalfa hay, and pro- 
tein supplement. Lardinois et al. (71) suggested that this factor might be 


synthesized in the rumen but probably is absorbed or destroyed rapidly.. 


McElroy and Goss (85) showed that rumen samples from animals fed a deficient 
ration contained 20 to 30 times as much pantothenic acid as was contained in 
the ration itself, the value being highest in a fistulated animal. Hunt et al. (65) 
demonstrated that riboflavin was synthesized in the rumen when the animal 
was fed on a diet of yellow corn, alfalfa hay and protein supplement but was 
not synthesized when corn was omitted. When corn feeding was increased, a 
greater amount of riboflavin was synthesized. Draper et al. (34) showed that 
calves maintained on a ‘‘synthetie milk’’ diet and protein, methionine, lard, 
cerelose, minerals, and vitamins other than B,, stopped growing, were nervous, 
had poor appetites, and showed some signs of incoordination, indicating that 
rumen bacteria do not synthesize this vitamin. Lundquist and Phillips (79) 
found no effect on the synthesis of thiamin, riboflavin, niacin, and pantothenic 
acid by feeding chlorobutanol. By supplementing the ration with thiamin, 
riboflavin, pantothenic acid, inositol, choline, p-aminobenzoic acid, pteroyl- 
glutamic acid, and vitamins A, D, E, and K, Johnson (68) showed, through 
elimination of individual vitamins, that calves had a requirement for thiamin, 
riboflavin, biotin, pantothenic acid and probably other members of the B com- 
plex from some exogenous source or from rumen synthesis. He demonstrated 
that the calf does not require an exogenous source of nicotinic acid and after 
3 weeks of age does not require ascorbic acid. 

Knight et al. (69) reported that aseorbie acid, mixed with corn silage and 
placed in the rumen of a fistulated cow, was nearly completely destroyed in 
2 hours, and Wallis (127) reported that vitamin C is not needed for cows. 
Chrismann (28), by in vitro experiments indicated that vitamin C does not 
originate from intestinal bacteria. Erb et al. (39) showed that ascorbic acid 
loss from the rumen contents results from both microbial and chemical agencies. 
The loss of this vitamin is slow in autoclaved samples and bacteria-free filtrates 
but rapid when untreated. McElroy and Goss (82) showed the rumen to be a 
good source of vitamin K when the animal is fed on a vitamin-low diet. Agrawala 
(1) found no significant differences in riboflavin, pantothenic acid and niacin 
content of rumen samples from cattle fed purified diets as compared with 
cattle on normal rations. 


Frey and Kratzer (40) pointed out that the 65,000 tons of rumen solids 
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which are discarded yearly present a promising source of B complex vitamins 
for poultry rations. 


C. Protein Synthesis. 

McNaught (88) studied amino acid synthesis by bacteria of the bovine 
rumen. She incubated rumen samples and showed an increase from 9.3 to 11.6 
mg. of lysine per 100 ml. of rumen fluid and concluded that this was evidence 
of bacterial synthesis. Wegner ef al. (129) showed an increase in protein 
nitrogen in the rumen over the protein nitrogen ingested when urea was fed 
and concluded that this indicated bacterial synthesis of protein. 

Much work has been done by Pearson and Smith (102, 103, 104) on the 
utilization of urea. The method of study was the artificial rumen technique. 
It was found that in 100 g. of rumen contents 100 mg. of urea were converted 
to ammonia in 1 hour. It is probable that the first step in the utilization of 
urea is its conversion to ammonia. Detailed studies were made to determine 
the effeet of temperature, pH, concentration of urea, the nature of gases 
present during incubation, and certain inhibitory substances upon this process. 
Urea is converted only insignificantly at 4° C. but increases with increasing 
temperature and reaches a maximum at 49° C. A steady decrease is observed 
upon further elevation until there is nearly a complete cessation at 79° C. 
When the temperature is maintained at 39° C. and the pH is varied between 3 
and 11, little activity is observed at 3 and above 9.5. Optimum activity is ob- 
served between pH 7 and 9. There was only a slight increase in the conversion 
process when the substrate concentration was increased. The rate of con- 
version was much the same with atmospheres of carbon dioxide, nitrogen and 
air, although in the final stages the conversion appeared to be slightly more 
efficient under carbon dioxide than either nitrogen or air. Since the constituents 
of the diet fed the animals during the experiment showed only insignificant 
urease activity, and since there is no active secretion into the rumen, urease 
must be elaborated by microorganisms in amounts sufficient to convert the 
large amounts of urea to ammonia in 1 hour. Pearson and Smith (104) demon- 
strated that the second stage of urea utilization was a conversion of ammonia 
to protein. During 2 to 4 hours’ incubation the non-protein nitrogen decreased 
while the total nitrogen remained unchanged, thus indicating protein synthesis. 
By use of sodium fluoride it was shown that the synthesis was of bacterial 
origin. Upon filtration or when treated with toluene no synthesis takes place 
in rumen samples. These observations indicate that protein synthesis is due to 
microbial reactions. 

Utilization of ammonium bicarbonate and ammonium sulfate as substitutes 
showed the efficiency of ammonium bicarbonate to be equal to that of urea and 
greater than that of ammonium sulfate (See Hart ef al., 51). The optimum 
concentration of urea was found to be between 75 and 100 mg. per 100 g. of 
rumen contents; concentrations above and below resulted in decreased synthesis. 
The amount of synthesis depends to some extent upon the starch concentration 
or the type of carbohydrate added, being greatest with starch, galactose and 
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maltose. Dextrin, glucose, glycerol and lactic acid were found to have little 
effect. 

Arias et al. (2), working with an artificial rumen, showed that six different 
sources of energy—starch, glucose, cane molasses, sucrose, cellulose, and ground 
corncobs—all aided in the production of bacterial protein from urea. It was 
observed that small amounts of readily available carbohydrate aided cellulose 
digestion, which in turn increased urea utilization, whereas larger amounts 
inhibited cellulose digestion. Pearson and Smith (104) reported that certain 
amino acids—arginine, histidine and leucine—were effective in descending 
order, in stimulating protein synthesis. Tyrosine had little effect. Proteins 
such as blood meal, casein, coagulated egg white, and gelatin either produced 
no change, decreased synthesis, or brought about hydrolysis. 

Agrawala (1) found a much higher level of amino acids in rumen samples: 
from cattle on normal rations than from animals on a purified diet. On the 
average 9.3 ¢. of arginine, 3.5 g. histidine, 9.0 g. isoleucine, 12.7 g. leucine, 
9.9 g. lysine, 2.2 g. methionine, 6.4 g. phenylalanine, 8.6 g. threonine, 1.0 g. 
tryptophane, and 9.7 g. valine were synthesized in 6 hours on the experimental 
ration as compared to 33.4 g., 12.1 g., 19.2 ¢., 41.1 g., 19.4 ¢., 5.6 g., 31.2 g., 
22.0 ¢., 2.5 g., and 25.4 ¢., respectively, on the normal ration. The presence of 
starch was found to require an additional protein increment (23) if efficient 
roughage digestion was to be maintained. Again, this was thought to be 
necessary to supply protein to the rapidly growing stareh-digesting bacteria. 

Burroughs et al. (18) showed with an artificial rumen that urea utilization 
was influenced considerably by the presence or absence of different quality 
proteins. With a high quality protein, such as casein, greatest utilization of 
urea was observed. With gelatin, a low quality protein, some urea was utilized, 
and with hay protein, an intermediate quality protein, the smallest amount of 
urea was utilized. The observations were little affected by the energy source 
supplied. Burroughs ef al. (26) found that iron and phosphorus were im- 
portant in urea utilization. In all cases where there was protein synthesis 
there was a corresponding increase in the numbers of iodophilic bacteria and 
a synthesis of polysaccharide (Smith and Baker, 118). When conditions were 
unfavorable for growth, there was neither protein nor polysaccharide synthesis. 
By centrifugation, protein synthesis was observed in the absence of protozoa; 
therefore, the chief contributors to protein synthesis are the iodophilic bacteria 
made up mostly of members of the genus Amylococcus but also Amylosarcina 
and Amylospirillum. By removal of the macroiodophiles, the bulk of the syn- 
thesis was shown to take place by microiodophiles and to occur mostly in the 
first 2 hours of incubation. 

Thus the synthesis of protein by microorganisms provides protein to the 
host, since on the death of the organisms they are digested by the ruminant 
(Axelsson, 3; Pounden et al., 105). 

Richter and Birzer (112) showed that glycine and urea can be used as pro- 
tein substitutes in the diet of the ruminant in that urea could be used for 50 
per cent of the nitrogen supply and glycine for 75 per cent. On feeding urea, 
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a decrease in milk production was observed (Dartlett and Blaxter, 9), whereas 
feeding glycine produced an increase in fat content of milk. Owen et al. (100) 
found that urea had no effect on the percentage of protein, fat, lactose or total 
solids in the milk, whereas Axelsson (3) reported that both the fat and the 
protein content of milk were increased as a result of feeding urea. 

It is evident that studies on the synthesis of digestible protein by rumen 
microorganisms from cheap, non-protein materials are of great value to the 
practical dairyman, as well as to the bacteriologist. It is hoped that these in- 
vestigations will lead to better feeding methods for dairy animals and a better 
understanding of the reactions carried out by the responsible bacteria. 


FACTORS WHICH MODIFY FLORA IN THE RUMEN 
A. Diet. 

By microscopic studies Baker (4) concluded that the normal microflora and 
microfauna of the ruminant always include Oscillospira guillermondi; a giant 
spirillum ; large sarcina packets; a rosette-shaped organism made up of 5 to 30 
units, and coceoid chains. Bortree et al. (15) observed that the time of sampling 
after feeding, as well as several dietary factors, had an influence on the total 
numbers of bacteria in the rumen. A rapid increase was noted within 2 hours 
after feeding, which continued for several hours, followed by a steady decrease 
until the original range was again observed just prior to the next feeding. No 
difference in total numbers resulted from changing the quality of roughage fed 
or shifting from a hay to a pasture diet. When glucose was fed in addition to 
hay, a 100-per cent increase in numbers was observed. Feeding starch plus 
hay resulted in only a slight difference from feeding hay alone. Hoflund and 
Hedstrom (55) state that the principal function of rumen bacteria is carbo- 
hydrate decomposition, particularly cellulose fermentation. Cellulose digestion 
is inhibited with increased amounts of added sugar and starch. Cocci were found 
to predominate when the animal was placed on a low protein diet. Hoflund (54) 
reported that on a diet of late harvested hay, which is rich in cellulose but poor 
in sugar, protein and minerals, the number of microorganisms in the rumen 
decreases. If increasing quantities of oat groats, wheat bran and molasses, 
or roots and minerals are supplied, rumen digestion returns to normal. On 
hay (raised on phosphate-poor soil) deficient in sugar, proteins and phos- 
phates, animals become emaciated and suffer from ‘‘salt hunger’’ with a 
resultant decrease in the rumen population. This condition can be prevented 
by feeding small amounts of molasses, concentrates, and phosphate feeds. It 
may be alleviated by feeding hay from another district where the necessary 
organisms occur, or by cud inoculation. 

Gall et al. (41) reported greater numbers of cocci from animals on high 
grain diets. Also, animals on pasture showed the presence of sarcina and star- 
shaped organisms, which were seldom if ever found in animals on winter rations. 
Total counts revealed greater numbers of faster-growing organisms on a high 
grain diet than on a low grain diet. 


Bortree et al. (16) have made examinations of the types and numbers of 
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microorganisms in the rumen of cattle fed natural and semi-synthetie rations. 
These investigators observed that when methionine was added to a ration of 
corn, starch, glucose and minerals, there was a marked difference in the physical 
conditions of the rumen contents and a change in the type of iodine-staining 
organisms present. An iodine-staining ‘‘giant spirillum’’ was present when 
animals were fed this ration. It was noted that the addition of grain or readily 
fermentable carbohydrate to a hay ration decreased the time required to reach 
the peak in the bacterial population of the rumen. Pounden and Hibbs (107) 
observed more variation in the rumen microflora and microfauna among 
young calves fed dry feeds during the first few weeks of age than among 
similarly fed older calves. Pounden and Hibbs (105, 109) observed ‘*‘coccoids’’ 
in all parts of the digestive tract while the usual protozoa eventually disap- 
peared. Small and large thick rods also disappeared as they reached the 
posterior of the intestinal tract. When the rumen contents of calves were devoid 
of large cigar-shaped organisms but contained protozoa and ‘‘coccoids,’’ the 
animals showed rough hair coats and were pot-bellied. Gall et al. (48) showed 
that, although similar, a greater diversity of morphological types of rumen 
bacteria was present in animals fed on pasture than in those on a winter ration. 
A high grain diet increased the numbers of organisms already present rather 
than producing entirely different flora. Highest counts were observed in 
animals on a summer rather than a winter ration. 

Huhtanen et al. (58) found that different types of organisms characteristic 
of the calf rumen almost never occurred in the rumen of adult cattle fed a 
balanced ration. The adult types of organisms start to occur in calves as young 
as 2 months of age, depending on ration, and become more predominant as 
they grow older. The most common types of organisms found in the rumen of 
the calf are fast growing, whereas in the adult animal they are slow growing. 
Gall et al. (47) reported that a calf fed a purified diet containing urea showed 
a rumen flora which varied microscopically from that of animals fed hay and 
grain. The organisms involved were isolated from 10“ to 10°" dilutions of 
rumen contents. At the present state of our knowledge of this subject, the 
words of Hastings (52) may serve as a stimulus for further work: ‘‘It does 
not seem probable that, in the ruminant at least, changes in diet will cause 
changes in the flora of the tract. It would seem that the carbohydrates, the 
proteins and the fats from different sources are so similar that the biology of 
the tract will remain relatively unchanged ....’’ 


B. Antibiotics. 


Several investigators have reported beneficial effects of feeding calves 
antibiotics, but little work has been done concerning the modification of the 
ruminal flora as a result of these feeding experiments. 

Bartley e¢ al. (10) reported that feeding calves from birth for 42 days on 
a normal diet supplemented with an APF concentrate containing aureomycin 
seemed to enhance growth by preventing scours. Similar reports have been 
presented by Rusoff (114, 115). This worker found that the stimulating effect 
of aureomycin on the growth of dairy calves was of short duration. Aureomyecin- 
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fed animals showed inereased weight gains over controls for a period of 6 
weeks. After 8 weeks there was a steady decrease until at 20 weeks the gains 
of the two groups were similar. Aureomycin-fed animals exhibited a smooth 
coat and good appearance after 4 weeks, whereas controls had a rough coat 
and a larger middle. The theory that the beneficial effects of aureomycin might 
be due to some synergistic action within vitamin B,, is discounted since vitamin 
B,, is not necessary. Rusoff and David (116) fed young Jersey and Holstein 
calves on an aureomycin feeding supplement, crystalline aureomycin hydro- 
chloride, and ealf starter. Results showed that aureomyecin produces a growth 
stimulation of 25 per cent in Jersey calves and 15 per cent in Holstein calves. 
Both groups showed a lower incidence of seours. Murley et al. (96) also re- 
ported superior weight gains and lower incidence of scours in calves on three 
different diets plus aureomycin. There was some indication of increased 
efficiency of feed utilization with aureomyein. MacKay et al. (80), in feeding 
a supplement of aureomycin and vitamin B,, to calves, showed increased weight 
gains but no more efficient utilization of feeds. Loosli and Wallace (75) and 
Voelker and Cason (126) reported that APF and aureomycin reduced the 
duration and severity of diarrhea in calves. Neumann ef al. (97) also reported 
the absence of diarrhea in cattle fed aureomycin. However, Bell et al. (13) 
found diarrhea to be present. 

Few workers have pointed out the effects which feeding antibiotics have 
upon the flora of the rumen. Bell e¢ al. (13) reported a 15- to 50-per cent de- 
crease in the digestibility of dry matter and crude fiber, indicating that aureo- 
mycin affects the cellulolytic organisms. Loosli et al. (76) reported increased 
daily weight gains in calves fed antibiotic feed supplements. No difference in 
the amount of hay consumed was observed, but a 40-per cent increase in con- 
centrate consumption was shown. Studies on the rumen flora by stained slide 
preparations did not reveal any striking difference in the morphological 
types of bacteria present between the antibiotic-fed group and the controls. 
Rusoff (115) obtained similar results. Voelker and Cason (126) found superior 
weight gains in calves fed terramycin and aureomycin but were unable to 
establish a difference in the bacterial population of the colon between antibiotic- 
fed and control animals. Neumann ef al. (97) reported neither beneficial effects 
of feeding aureomycin to yearlings nor any unfavorable physiological dis- 
turbanees. Gains were observed in Aurofac-fed (aureomycin plus vitamin B,,) 
animals, suggesting that aureomycin destroyed the B,, synthesizing micro- 
organisms. Bacteriological studies by Gram stains and anaerobic culture 
methods to show morphological types of bacteria present revealed no difference 
in total counts, but the types of organisms present in animals fed aureomycin 
were less diverse, suggesting that the normal flora had been disturbed. Was- 
serman et al. (128), using the artificial rumen, showed that lower concentra- 
tions of penicillin and streptomycin and all concentrations of neomycin were 
stimulatory to cellulolytie activity, whereas higher concentrations of strepto- 
mycin and chloromyeetin inhibited cellulose digestion. Bartley eft al. (11) 
were not able to find a consistent difference between aureomycin-fed calves and 
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controls by microscopic examination. However, preliminary cultural studies 
indicated that there was some difference. 

Oyaert et al. (101) reported that therapeutic doses of sulfanilamide depressed 
cellulose digestion and appetite. 

It is obvious that there is considerable confusion and conflicting reports 
in this area of investigation, and much more fundamental work is needed. 


C. Minerals. 

There are only a few reports on the influence of minerals on the bacterial 
flora of the bovine rumen. This is understandable in view of the many technical 
difficulties entailed in studying mineral requirements of bacteria. The methods 
for studying the problems have been indirect. McNaught et al. (90) have written : 
‘*Sinee the growth of rumen bacteria in pure culture is beset with many diffi- 
culties it is not possible to study the mineral requirements by growing bacteria 
on a synthetic medium made purposely deficient in a given element. Moreover 
there are grave doubts as to whether results obtained with pure cultures would 
help much in elucidating the processes occurring in the normal rumen where 
mixed populations of bacteria and protozoa are always found and where. 
symbiotic relationships of one species of microorganisms to another almost 
certainly obtain.’’ 

Comar et al. (29) found that when labeled cobalt was introduced into the 
rumen none was detected in the blood, whereas 82 per cent of the dose was 
present in the rumen contents after 4 hours and it decreased to 1 per cent after 
7 days. Tosic and Mitchell (124), in studies with sheep, found that rumen 
microorganisms concentrate cobalt from their external environment. These 
workers considered that the cobalt requirement may be more necessary for 
the rumen microorganisms than for the ruminant itself. For a general dis- 
cussion of trace minerals and bovine nutrition see the paper of Bohstedt (14). 
Gall et al. (48) made a study on cobalt deficiency in sheep. They found that 
cobalt-fed sheep had a much higher rumen bacterial count, by cultural method, 
than cobalt-deficient sheep. Slide counts showed that cobalt-fed sheep had 
almost double the bacteria per gram of rumen contents than had cobalt-deficient 
sheep. Gram stains of rumen contents of cobalt-fed sheep showed a large number 
of Gram-positive slender curved rods and coccoid types. In cobalt deficiency 
these were absent. Talapatra et al. (121) found that ingested oxalates are broken 
down by the ruminal flora into alkaline bicarbonates and carbonates. A severe 
alkalosis which may upset the calcium equilibrium may result. McNaught and 
Owen (89) also suggested that metal requirements reflect to a large extent 
the needs of the rumen microorganisms rather than the host animal. By use 
of incubated rumen samples containing chelating agents for iron (a,a’-dipyridyl 
and o-phenanthroline) it was found that 0.001 M concentrations of these were 
sufficient to inhibit growth of bacteria as evidenced by protein synthesis. By 
completely inhibiting protein synthesis with o-phenanthroline it was found that 
1.0 p.p.m. added iron was essential for bacterial growth. The amount of iron 
found in normal rumen samples was of the order of 0.13 p.p.m. This amount 
was found to be completely bound by 0.00005 M o-phenanthroline. Interesting 
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results were obtained by McNaught et al. (90), using centrifuged rumen 
samples to which 1 per cent maltose and 0.05 per cent urea were added and 
which were then incubated for 4 hours at 39° C. Ten p.p.m. copper was the 
maximum which could safely be present in rumen fluid even when vegetable 
particles were present; at 12 p.p.m. copper no synthesis of protein took place. 
Ten p.p.m. cobalt reduced synthesis and 1,000 p.p.m. iron inhibited protein 
synthesis; at 2,000 p.p.m. iron, protein hydrolysis predominated. The in- 
hibition brought about by a,a’-dipyridyl could be partly reversed by adding 
cobalt or zine. It was observed that the amount of iron within the organisms 
increases on incubation. 

Burroughs et al. (20, 25, 26, 27), using the artificial rumen technique, also 
made observations on the mineral requirements of rumen bacteria. It was 
found that cellulose digestion could be favored by addition of a mineral mixture 
to the artificial rumen (20, 25). Burroughs eft al. (26) reported that there are 
varying needs for sodium, potassium, calcium, magnesium, phosphorus, sulfur 
and chlorine by rumen microorganisms. An artificial saliva containing these 
elements was devised and added to the artificial rumen. Phosphorus and iron 
were found effective in stimulating urea utilization and cellulose digestion. The 
substances necessary for cellulose digestion were found also in autoclaved 
water extracts of cow manure and in good quality roughages. They were absent 
in poor quality roughages. Burroughs ef al. (22, 24) concluded that the de- 
crease in roughage digestion observed in the presence of corn starch could be 
explained on the basis of the mineral requirements of rumen bacteria. Poor 
quality roughage did not supply sufficient inorganic nutrients to support the 
starch-digesting and roughage-digesting organisms simultaneously, and since 
the former grew rapidly the latter were depressed. Studies of this sort are 
significant, since methods leading to utilization of cheaper roughages are of 
great economic importance to the dairy industry. 


D. Cud Inoculations. 

‘*Cud inoeculation”’ is that practice in which pieces of cuds from mature 
animals are placed into the posterior of the mouths of young calves in order 
to stimulate the development of a flora similar to that of mature animals. 

Outstanding work has been done in this field by Pounden and his associates 
(105, 106, 108, 110). In this interesting series of papers the rumen flora of 
calves was studied and certain ‘‘indicator organisms’’ (bacteria and protozoa) 
were identified microscopically and used as a basis for determining the progress 
of the experiments. Pounden and Hibbs (106, 108) showed that certain char- 
acteristic microorganisms failed to become established in young calves, regard- 
less of the number of cud inoculations, when most of the dry feed given them 
was grain. If the animals were receiving hay alone, or hay and grain, then the 
characteristic microflora was established. These workers recognized two groups 
of organisms characteristic of hay ingestion and two of grain ingestion. Those 
of the grain flora resembled bacteria morphologically, whereas those of the hay 
flora appeared to be mostly protozoa. The cud-inoculated calves had a better 
appearance than the control animals only when the latter were not fed both 
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hay and grain. Pounden and Hibbs (108) believe that segregation of calves 
from older stock may cut off the source of inoculum of some of these micro- 
organisms. Unsuitable combinations of feeds also would result in failure to 
establish these organisms. Pounden et al. (105) reported that certain char- 
acteristic organisms apparently are destroyed in various parts of the digestive 
tract. Some rapidly disappear in the abomasum, whereas others are not digested 
until they reach the small intestine, and still others are found throughout the 
tract. In later experiments (110) it was shown that rumen protozoa are not 
essential to the animal but that calves lacking the characteristic rumen flora, 
due to segregation or failure to inoculate with cud material, appeared pot-bellied 
and had rougher coats. Finally, Conrad et al. (380) have shown that calves in- 
oculated with cud material and fed high roughage rations digested the cellulose 
much better than uninoculated calves. A calf freed of all characteristic rumen 
indicator microorganisms by heavy grain feeding showed decreased ability to 
digest cellulose. It was thought that hay consumption was stimulated at an 
earlier age by cud inoculations. 

Work of this sort will be clarified further when biochemical reactions brought 
about by the bacteria involved are understood. Cultural studies also would 
prove valuable here. (See Huhtanen ef al., 58.) 

Ripley (118) has used cud inoculations of rumen fluid suspended in water 
to treat inappetence in a mature animal. This investigator believed that some 
agent had upset the flora of the rumen and that inoculation was beneficial in 
re-establishing it. 


SUMMARY 


It is apparent that much progress has been made in bacteriological investiga- 
tions of the bovine rumen during the last decade. None the less, there are large 
gaps in our knowledge of the reactions brought about and the nature of the 
organisms essential to the well-being of the animal. Much of the work done so 
far has been descriptive, and further investigations may be expected to be more 
exacting. It is necessary to know not only how many organisms are present 
under various conditions but also what their physiological functions are, and 
further, how these physiological types are altered with age, changes in diet, 
antibiotics, disease, and other conditions. New techniques undoubtedly will be 
introduced to facilitate the solution of the difficult problems accompanying 
the study of rumen bacteria. Indeed, solutions to problems of this sort 
will have far reaching application to other problems in which enormous popula- 
tions and a mixed flora are involved. It is study of this area of bacteriology 
which has lagged noticeably, yet it is here that advances will provide impetus 
to research in oral, intestinal, and soil microbiology. 

The rumen process may be considered, as it was by Baker (6), a functional 
field in which the activities are all organized for utilization of microbial products. 
All factors therein make for the attainment of a final state. 

A summary of methods used in studying rumen bacteria shows each with 
advantages and disadvantages. The physiological approach using washed sus- 
pensions and like techniques will probably yield the most fruitful results in the 
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future. Other techniques should be considered as useful supplements. In the 
cultural aspects various media, selective for certain physiological groups of or- 
ganisms, would prove valuable for qualitative determinations. It cannot be 
stressed too strongly, however, that the function of the population as a whole 
must be considered of importance. 

The relationship of specific bacteria to vitamin synthesis, minerals, protein 
synthesis (bacteria with relatively simple nitrogen requirements), and anti- 
biotics also must be worked out more thoroughly. Only in the field of cellulose 
digestion has real progress been made. 

The synergistic reactions and antagonisms (together with possible isolation 
of new antibiotic substances) have not been touched. 

Soon these problems will be brought under heavy attack, since rumen proj- 
ects are being conducted today at most agricultural colleges and agricultural 
experiment stations throughout the country. 
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NUTRITIONAL FACTORS INFLUENCING GROWTH AND LIPASE 
PRODUCTION BY GEOTRICHUM CANDIDUM 


W. O. NELSON 


Laboratory of Bacteriology, Dairy Science Department 
University of Illinois, Urbana 


The conditions necessary for optimum microbial lipase activity vary with 
the source of the enzyme, the substrate, and the treatment accorded the lipase 
preparation. Similarly, it appears that the production of bacterial and fungal 
lipases is related directly to the nutritional and physical environment of the 
cultures under observation. Thus, it has been suggested (1) that certain 
bacterial lipases are adaptive in nature and that production is stimulated by 
the presence of specific substrates, or that the elaboration of the enzyme de- 
pends upon preferential utilization of certain substrates by the organisms. 
Peters and Nelson (3) observed with Candida lipolytica that low lipase activity 
was associated with conditions favorable for rapid growth, whereas high lipase 
activity was associated with less favorable conditions. In this connection, 
Tammisto (9) suggested that the failure of certain lipolytic species to hydrolize 
fat when they were grown on glycerol-fat agar was due to the inactivation of the 
lipase by acids developed in the glycerol fermentation. This viewpoint is par- 
tially substantianted by the observation (2) that the extracellular lipase of 
Geotrichum candidum is completely inactive at pH 4.0 and that activity rapidly 
diminishes between pH 5.0 and pH 4.0. 

Specifically, lipase production has been reported to be influenced by the 
presence of certain buffers (3), carbohydrates (3, 10), vitamins (4), nitrogen 
sources (10), agar (10), fats (7), and various combinations of nutrients (9) 
in the culture medium. However, the varied responses of different micro- 
organisms have not permitted a unified concept of the influence of the com- 
ponents of the growth medium on microbial lipase production. 

The characteristics of the lipase (2) and some of the factors influencing the 
rate of liberation of water insoluble fatty acids in cream by G. candidum (6) 
have been described recently. It is the purpose of this report to present data 
pertaining to the influence of media components on the growth and lipase pro- 
duction by G. candidum. 


METHODS AND MATERIALS 


Bacteriological. The strains of G. candidum used in this investigation were 
described in a previous report (6). Stock cultures were maintained on tryptone- 
glucose-beef extract-agar slants and were stored at 4° C. after initial incubation 
at 20° C. 

The basal medium contained 10 g. Mead-Johnson Protolysate (dry enzymatic 
digest of casein), 1 g. Na, HPO,, and 0.1 g. KCL dissolved in 1 1. of distilled 
water. When used, carbohydrate or fat supplements were added so that they 
were present in 1-per cent concentrations. The potassium salts of fatty acids and 
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the sodium salts of other organic acids were added as 0.1 M concentrations 
of the acids. The various nitrogen sources tested were substituted for Protolysate 
in 1-per cent concentrations. 

The media were adjusted to pH 7.0, dispensed in 25-ml. quantities into cotton- 
stoppered 125-ml. Erlenmeyer flasks, and autoclaved at 121° C. for 15 minutes 
prior to inoculation with 0.1 ml. of water suspension from a 24-hour agar slant 
culture of G. candidum. The cultures were incubated in duplicate or triplicate 
and without aeration or agitation at 20° C. for 4 days. 

Growth. Growth was measured by quantitatively transferring the mycelia to 
dried and weighed asbestos-matted Gooch crucibles. The crucibles were washed 
three times with 30-ml. volumes of distilled water, dried at 100° C. in an electric 
oven for 16 hours, and then reweighed. Growth data are expressed as milligrams 
of dried mycelia. 

Lipase. The lipolytic activity of culture filtrates was estimated by titrating 
the fatty acids liberated from a buffered substrate. The substrate emulsion con- 
tained 1.0 ml. U.S.P. olive oil, 44 ml. of 0.3-per cent agar dissolved in sodium 
hydroxide-biphthalate buffer (5) at pH 6.0, and 0.3 ml. of toluene. The buffered 
substrate was sterilized at 121° C. for 15 minutes and then stored at 4° C. until 
used. The assay system was equilibrated to incubation temperature before 5 ml. 
of culture filtrate and 0.3 ml. of toluene were added. The reaction mixture was 
shaken vigorously to emulsify the fat and then was incubated at 20° C. Aliquots 
of this emulsion were titrated at appropriate intervals during a 1- to 3-day in- 
cubation period. The 10-ml. aliquots were diluted with 25 ml. of 1:1 neutral 
95- per cent ethyl alcohol-diethyl ether, and the free fatty acids titrated with 
N10 aleoholie KOH to a phenolphthalein end point. The net increase in 
titration values was considered to be due to lipase activity. Either heated ecul- 
ture filtrates or sterile growth media were used in the controls. In no instance 
did the titration values of the controls change during the test period. Data per- 
taining to the lypolytie activity of culture filtrates are expressed as the net 
titration values (ml. of 0.1 N KOH) of the 10-ml. aliquots. All experimental 
results were subjected to an analysis of variance (8), and the data are presented 
as the mean value of duplicate observations. 


RESULTS AND DISCUSSION 


Preliminary trials showed that maximum levels of growth and lipase were 
encountered between the fourth and fifth day of incubation, and that the basal 
medium supported moderate levels of growth and lipase production. This was 
interpreted as an indication that G@. candidum utilized the hydrolyzed casein as 
a source of both energy and nitrogen, since the presence of contaminating carbo- 
hydrates in the basal medium was not detected by the Molisch test, anthrone 
reaction, or paper chromatography. 

Carbohydrates. The addition of soluble starch, glycogen, dextrin, and inulin 
did not increase growth or lipase production over that encountered in the basal 
medium. Similar results were obtained when raffinose, melezitose, trehalose, 
sucrose, maltose, melibiose, lactose, or cellobiose were tested. It was noted that 
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the differences in growth response and lipase production between the seven 
strains of G. candidum were highly significant. However, this variation between 
strains was independent of the above carbohydrates. 

The addition of certain monosaccharides to the basal medium greatly en- 
haneed the growth of G. candidum. Although strain differences in lipase 
production were apparent, the carbohydrate additions did not greatly influence 
the total levels of lipase encountered. However, when the amount of lipase 
produced was expressed per unit of growth, i.e., as titration value « 25 * ~ milli- 


TABLE 1 


The effect of monosaccharides on growth and lipase production 
by G. candidum, strain F 


Additions to basal Myeelia Lipolytie Activity x 25 

medium mg. activity “ Mg. Mycelia 


* After 3 days of substrate ineubation. 


gram dryweight of mold myeelia, and these values analyzed, the differences 
which could be attributed to the influence of carbohydrates were highly sig- 
nificant. The amount of lipase per milligram of growth encountered in the 
medium containing non-utilizable monosaccharides was considerably greater 
than that obtained with the sugars which yielded high levels of growth. The 
response of strain F, shown in Table 1, is typical of the results obtained in 
this trial. 

Experiments involving the use of polyhydric alcohols and related compounds 


TABLE 2 


The effect of polyhydric alcohols and related compounds on growth 
and lipase production by G. candidum, strain 13 


Additions to basal Myecelia Lipolytie Activity x 25 

medium mg. activity “* Mg. Myeelia 
52.6 3.40 1.39 


“ After 3 days of substrate incubation. 


‘Since the titration value represents the lipolytic activity of 1 ml. of culture filtrate, this 
value was multiplied by a factor of 25 in order to express lipase production and growth on the 
same media volume basis. 
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also demonstrated that those substances which yielded greater growth yielded 
less lipase per unit of growth. Conversely, compounds which gave only moderate 
growth yielded higher levels of lipase per milligram of dried mycelia. These 
results are illustrated in Table 2, which shows the response of strain 13. 

Fats and Related Compounds. In view of the fact that it has been reported 
that fats may stimulate lipase production, the possibility existed that fatty 
materials in the hydrolyzed casein could be responsible in part for the growth 
and lipase production in the basal medium. However, when @. candidum was 
grown in a basal medium containing ether-extracted Protolysate, it was found 
that the removal of ether soluble materials did not alter the growth and lipase 
production by seven strains of the test organism. 

The data summarized in Table 3 show that there was considerable variation 
in the response of G. candidum when various fats and related compounds were 
added to the basal medium. In general, the presence of fats and related com- 
pounds, with the exception of polyethylene-glycol-mono-oleate, did not greatly 
stimulate lipase production. Although G. candidum grew poorly in the presence 
of polyethylene-glycol-mono-oleate, filtrates from these cultures were relatively 
high in lipolytie activity. In some instances, where increased growth could be 
attributed to the presence of fats, it was observed that the culture filtrates con- 
tained low lipase activity. Other experiments clearly demonstrated that growth 


TABLE 3 


The effect of fats and related compounds on growth and lipase production 
by G. candidum No. 13 


Additions to basal Myecelia Lipolytie Activity x 25 
medium ‘ activity * Mg. Myeelia 


Butter oil 5 1.43 0.33 
Tripropionin............ 29. 0.94 
38.2 1.00 0.65 
Trilaurin 34. 1.13 0.43 
Glyeeryl-mono-oleate 1.67 0.82 
Glyceryl-mono-ricinoleate........................ 1.75 0.61 
Glyceryl-mono-laurate....................... 0.00 0.00 
Diglycol laurate. 0.00 0.00 
1.47 0.99 
Propylene-glycol-mono-laurate 0.00 0.06 
Polyethylene-glycol-mono-stearate.. 0.73 0.69 
Polyethylene-glycol-mono-laurate.......... 0.00 0.00 
Polyethylene-glycol-mono-oleate ... 1.14 1.95 
Polyethylene-glycol-mono-ricinoleate.... 0.13 0.09 
None (basal) 1.09 0.60 


— 


bo 


Go be bo Ol bo 


* 27 hr. value. 


was stimulated when corn oil, cottonseed oil, olive oil, butter oil, and lard were 
added singly to the basal medium. In these tests the level of lipase in culture 
filtrates was much lewer than that of the basal medium. When filtrates from 
each of the above media were tested with each of the five fats as substrate, the 
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experimental data did not show altered lipase specificity resulting from the 
growth in the presence of a particular natural fat. 

Organic Acids. Table 4 shows the growth response and lipase production 
with 0.1 M concentrations of various organic acids present as the sodium salts. 
Lactic and glyceriec acid afforded better growth than that obtained in the basal 


TABLE 4 


The influence of organic acids on growth and 
lipase production by G. candidum No. 13 


Additions to basal Mycelia Lipolytie Activity x 25 
medium activity Mg. Myecelia 


Lactic acid 1.63 0.62 
B-hydroxybutyrie acid 35. 0.14 0.08 
Oxalie acid 20.2 0.14 0.17 
Malonie acid J 0.32 0.18 
Suecinie acid 1.32 0.82 
Glutarie acid ° 1.05 0.59 

5 1.41 0.76 
Pimelie acid A 1.71 0.92 
Azelaie acid 50.7 2.21 1.09 
Sebacic acid 27. 0.74 0.67 
Maleie acid 2.34 1.23 
Fumarie acid - 2.34 1.31 
Aconitie acid 1.87 1.01 
Malic acid : A 2.30 1.23 
Tartarie acid 1.67 0.90 
Citrie acid v y 0.00 0.00 
Glycerie acid 91. 1.39 0.38 
Pyruvie acid .... 53. 1.58 0.75 
None (basal) 52. 1.70 0.81 


48 hr. value. 


medium, whereas growth was retarded in the presence of B-hydroxybutyrie, 
oxalic, citric, and sebacic acid. The filtrates obtained from azelaic, maleie, 
fumaric, and malice acid cultures exhibited high lipase activity. Low activity 
was encountered in the malonie and glutaric acid culture filtrates. 


TABLE 5 


The influence of fatty acids on growth and lipase production 
by G. candidum No. 13 


Additions to basal Myeelia Lipolytie Activity x 25 
medium activity * Mg. Myecelia 


Formic acid 4 1.30 0.81 
Acetic acid i 0.25 0.09 
Propionic acid 0.63 0.19 
Butyrie acid J 0.05 0.02 
Valerie acid 0.60 0.13 
Caproie acid 1.43 0.25 
Heptoie acid No growth 0.00 0.00 
Caprylie acid No growth 0.00 0.00 
Nonylie acid No growth 0.00 0.00 
Caprice acid No growth 0.00 0.00 
Crotonie acid 82.7 0.58 0.18 
Undecylenie acid No growth 0.00 0.00 
Oleic acid No growth 0.00 0.00 

51.1 1.25 0.61 


“36 hr. value. 


148 W. 0. NELSON 


The results of an experiment designed to test the influence of fatty acids 
on growth and lipase elaboration by G. candidum are shown in Table 5. The 
test media contained 0.1 M concentrations of the acids as the potassium salts. 
With the exception of formic acid, the salts of the lower saturated fatty acids 
enhanced the growth. Formie acid exhibited an inhibitory effect on growth; 
however, the formic acid culture filtrates were high in lipolytic activity. Heptoic, 
eaprylic, nonylic, and caprie acid failed to support growth. In the instances 
where growth was established, with the exception of valeric acid, it was ob- 
served that each successively higher member of the series yielded a correspond- 
ingly greater amount of growth. 

Of the three unsaturated fatty acids tested, only crotonie acid supported 
growth. Here again the higher members of the series did not allow growth. In 
general, the fatty acids which gave rise to increased growth yielded filtrates 
which were relatively low in lipase. 

Nitrogenous compounds. The influence of various nitrogenous compounds 
on growth and lipase production by G. candidum also was observed when these 
media components were tested singly in an inorganic salt basal medium. The 
test organism grew poorly on unhydrolyzed protein materials such as gelatin, 
isoelectric casein, and sodium caseinate, whereas the hydrolyzed proteins sup- 
ported moderate to profuse growth (Table 6). Peptone, proteose-peptone, 
tryptone, casitone, and tryptose vielded the highest levels of lipase per unit 
of growth. Casamino acids, protolysate, and peptonized milk cultures yielded 


TABLE 6 


The influence of various nitrogen sources on growth and 
lipase production by G. candidum No, 13 


Additions as nitrogen Myecelia Lipolytie Activity x 25 

source mg. activity * Mg. Mycelia 
Gelatin pce 4.6 0.29 1.63 
Isoelectric casein 4.8 0.21 1.09 
Sodium caseinate 5.9 0.29 1.23 
Proteose-peptone 41.9 1.30 0.78 
Peptone , 44.0 1.44 0.81 
Proteose-peptone No.2 57.9 0.91 0.40 
Peptonized milk... ; eae 61.4 1.11 0.45 
Tryptose 67.2 1.66 0.62 
Casitone 69.8 2.00 0.71 
Tryptone 74.9 2.28 0.76 
Hydrolyzed casein, acid...... 83.3 0.58 0.12 
Hydrolyzed casein, enzyme 85.5 1.22 0.37 
Protolysate 96.5 1.75 0.46 
Casamino acids ee 102.1 2.13 0.52 


“28 hr. value. 


moderate amounts of lipase. Low lipase production was obtained from cultures 
grown in proteose-peptone No. 2, enzyme hydrolyzed casein, and acid hydrolyzed 
easein. Although equivalent growth was encountered in both enzyme hydrolyzed 
and acid hydrolyzed casein media, the lipolytic activity of the filtrates from 
the former was double that of the latter. This may be due to a more complete 
easein hydrolysis and/or destruction of certain amino acids by acid hydrolysis; 
however, this possibility was not tested. 
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Growth factors. Appropriate tests involving the use of pantothenic acid, 
pyridoxine, inositol, folie acid, choline, p-aminobenzoie acid, nicotinic acid, 
thiamine( all 100y per 100 ml. of medium), biotin (0.ly per 100 ml.), and 
vitamin B,, (0.15y per 100 ml.) in a synthetic medium failed to demonstrate 
a vitamin influence on lipase production. Similarly the addition of adenine, 
guanine, and uracil were without marked effect. However, the additive effect 
of salts, vitamins, and purine and pyrimidine bases resulted in a relatively 
high level of lipase. 

Levels of nutrients. Other investigators (3) have associated low lipase 
production with conditions favorable for the rapid growth of C. lipolytica. The 
data summarized in Table 7 extend this observation to include G. candidum. In 
general, these data show that increased concentrations of casein digest effected 


TABLE 7 


The influence of levels of protolysate and glycerol on growth and 
lipase production of G. candidum No. 13 at 20° C. 


Activity x 25 


Growth medium Myecelia,* mg. mg. mycelia 

% Protolysate % Glycerol lday 2day ‘S8day 4day lday 2day 3day 4day 
0.5 0.0 14.2 30.2 23.6 29.3 2.46 1.78 2.83 2.43 
1.0 0.0 18.3 42.7 43.9 51.5 2.58 1.35 1.72 1.45 
2.5 0.0 27.1 65.4 102.9 108.5 1.81 1.03 0.91 0.70 
0.5 0.5 37.4 70.2 65.8 70.8 0.45 0.24 1.35 0.61 
1.0 0.5 55.3 102.2 101.7 115.5 0.31 0.30 1.14 0.74 
2.5 0.5 91.7 145.0 149.2 179.2 0.86 0.61 0.64 0.56 
0.5 1.0 48.8 re Bs 88.2 78.6 0.47 0.20 0.08 0.01 
1.0 1.0 62.8 113.2 152.9 145.2 0.24 0.08 0.52 0.00 
2.5 1.0 106.4 159.0 193.3 229.2 0.29 0.13 0.55 0.36 
0.5 2.5 48.1 73.7 90.8 81.7 0.37 0.09 0.09 0.06 
1.0 2.5 78.5 119.0 207.8 150.3 0.20 0.05 0.07 0.02 
2.5 2.5 97.6 153.7 302.8 3803.0 0.26 0.10 0.38 0.03 


* Cultures harvested at incubation periods as indicated. 
» After 3 days of substrate incubation. 


a decrease in lipase production as the amount of growth increased. The addition 
of glycerol further decreased lipase production per unit of growth. The data 
suggest that minimal concentrations of glycerol used in conjunction with 
adequate levels of casein hydrolysate may act as a stimulus or primer in the 
growth and lipase production system. 

Influence of buffer. The results of an experiment in which the course of 
growth and lipase production were studied in protolysate (1%) and glycerol 
(1%) media buffered with 0.2 M phosphate buffer are shown in Table 8. Max- 
imum growth was harvested from the unbuffered glycerol medium. Growth in 
this medium was accompanied by a sharp increase in acidity to pH 4.0-4.2 within 
48 hours, after which there was a decrease in acidity to pH 7.2-8.2. In the 
unbuffered basal medium the reaction gradually became more alkaline from 
the onset of growth. The shift in pH was held to a minimum by the buffer. 
Analysis of the data shows that maximum growth and lipase production in the 
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TABLE 8 


The effect of pH and composition of growth medium on growth and lipase production 
by G. candidum No. 13 20° C. — 3 days 


, pH of Medium Myeelia Lipolytie Activity x 25 

Growth medium Initial Final meg. activity» Mg. Myeelia 
5.35 5.85 77.0 1.38 0.45 
Basal and glycerol................ 5.35 4.60 136.6 0.25 0.05 
Basal... 6.85 6.90 66.5 0.80 0.30 
Basal and glycerol......... : 6.85 6.70 134.7 1.75 0.32 
Basal... 7.90 8.20 51.6 0.85 0.41 
Basal and glyeerol......... 7.90 7.45 119.8 1.38 0.27 
Basal “* Belceehesets 6.50 8.30 54.5 0.63 0.29 
Basal and glycerol * 6.50 7.20 189.0 0.40 0.05 


* Not buffered. 
36 hr. value. 


basal medium oecurred at pH 5.35 to pH 5.85. Maximum lipase production per 
unit of growth in the glycerol medium occurred at pH 6.85 to pH 6.70. Ad- 
ditional analyses demonstrated that the normal distribution of lipase in whole 
cultures was not altered by the nutritional treatment of the cultures or the 
pH'of the growth medium. 


SUMMARY 


The composition of the growth medium exerted a pronounced influence on 
growth and lipase production by G. candidum. In general, the conditions which 
gave rise to rapid and extensive growth were associated with low lipase pro- 
duction. This effect was produced by various carbohydrates, fats, organic acids, 
fatty acids, and nitrogenous compounds. Water soluble vitamins did not in- 
fluence growth and lipase production by G@. candidum. 

Maximum growth and lipase production in buffered carbohydrate-free media 
occurred at pH 5.35 to pH 5.85. Maximum lipase production in glycerol medium 
occurred at pH. 6.70 to pH 6.85. 

The amount of lipase encountered in filtrates of cultures was not directly 
proportional to the amount of growth present. This may have been due to: (a) 
inactivation of the lipase by the acids formed during carbohydrate utilization, 
(b) rapid changes in pH in weakly buffered media away from the optimum pH 
range for lipase production, and (c) unknown primary effects contributed by 
materials such as acid hydrolyzed casein and polyethylene-glycol-mono-oleate. 

The experimental data do not support a viewpoint which considers lipase 
production by G. candidum as an adaptive response. 
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AUREOMYCIN MILK AND SERUM CONCENTRATIONS 
IN DAIRY COWS 
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Lederle Laboratories Div., American Cyanamid Co., 
Pearl River, N.Y. 


In the early pharmacodynamic investigations of aureomycin, sensitivity of 
a variety of microorganisms, including several commonly associated with bovine 
mastitis, was demonstrated (2, 7, 8, 9). These reports prompted more detailed 
studies, and in vitro sensitivity of organisms isolated from cases of mastitis were 
reported (5). Table 1 (5) shows the requirements in micrograms per milliliter 
for inhibition of growth of the organisms in these tests. With the exception of 
Pseudomonas aeruginosa, all organisms tested were highly susceptible to the 
action of aureomycin. 

In vitro sensitivity of microorganisms to aureomyecin is a useful guide, with 
certain limitations, to the drug level required to inhibit bacterial growth in 
the infected host. The concentrations of an antibiotic attained in the udder 


TABLE 1 
In vitro susceptibility to aureomycin hydrochloride of organisms 
isolated from cases of bovine mastitis 


Aureomycin Hel (y/ml.) 
Inhibiting growth 


Organism Broth Milk * 
Strep. dysgalactiae....... 1.25 1.25 
Group C. Strep.............. 0.16 — 2.5 0.63 — 2.5 
Strep. 0.32 1.63 
Staph. aureus (B Toxin) ? 0.63 1.25 
Staph. aureus (A Toxin) 0.16 
Staph. aureus (Coagulase +). 0.63 0.63 
Staph. aureus (Coagulase —)....... 0.02 0.16 
Coryne. pyogenes. 1.25 — 
Bacillus 5 Control ................... 0.04 0.04 


* Tests made in fresh skimmilk (not whey) with Bromeresol Purple. 

From Vet. Med, 45: 313. 1950. 
following infusion are subject to variation from animal to animal, and, indeed, 
from quarter to quarter in the same cow. Therefore, a study of individual 
quarter aureomycin concentrations in milk and the percentage frequency dis- 
tribution of concentrations following a single infusion with 400 mg. aureomycin 
in ointment per quarter in 41 quarters of 12 cows was instituted to attempt 
to determine concentrations of drug that might be expected to be obtained 
by a certain dosage. 

EXPERIMENTAL PROCEDURE 


Twelve normal cows of various breeds were used in this test. Udder palpation 
and physical appearance of the milk by strip cup test showed freedom from 
Received for publication August 24, 1952. 
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clinical mastitis. The cows were milked at 12-hour intervals. In order that 
the experiment might approximate various field conditions, cows producing 
only 20 lb. of milk, as well as those producing up to 48 lb., were used. 

Aureomycin crystalline ointment, containing 400 mg. of aureomycin (60 mg. 
per gram) in 7 g. of ointment in a collapsible tube, was used for udder infusion. 
Each quarter was infused with one tube of ointment immediately after the 
morning milking. Milk samples were taken immediately before treatment and 
every 12 hours thereafter through 120 hours, and blood samples were drawn 
at prescheduled hours through 60 hours. To obtain milk samples, the quarter 
was thoroughly cleaned with water and completely milked out in a clean enamel 
pail. The contents were weighed and stirred, and a sample was removed in a 
Pyrex tube and immediately frozen in dry ice. Blood samples were examined 
to determine if aureomycin is absorbed from the udder. Samples were assayed 
microbiologically for aureomycin content according to the method of Dorn- 
bush and Peleak (3). It should be pointed out that any microbiological two- 
fold dilution assay has a relatively large error factor. Therefore, the final 
estimates should be viewed with this in mind. 


RESULTS 
In all cases very high concentrations of aureomycin were present in milk at 
12 hours, and bacteriostatically effective concentrations persisted through 48 
MEAN CONCENTRATIONS OF AUREOMYCIN IN MILK OF COWS RECEIVING A SINGLE INFUSION OF 400MG. 
AUREOMYCIN PER QUARTER IN OINTMENT 
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hours, even though the udders were milked out every 12 hours. Although each 
quarter received the same treatment, considerable variation in the concentration 
of drug was evident. The mean aureomycin concentrations in the milk are pre- 
sented graphically in Figure 1. 

Frequency distribution of concentrations of aureomycin in milk following 
a single infusion with 400 mg. aureomycin in ointment per tube, one tube per 


TABLE 2 


Percentage frequency distribution of concentrations of aureomycin in milk following a single 
infusion with 400 mg. aureomycin in ointment per tube“ (1 tube/quarter). 


No. of Concentration ranges of aureomycin in milk (y/ml.) 
Hr. quarters Meanvalue 0-0.1 0.1-0.5 0.5-1.0 1.0-10 10-50 50-100 100-200 200-400 


(Fo) (%o) (%) (%) (%) (%) (%) (%) 


2 37 125.0 0 0 0 0 5.5 24.3 43.2 27.0 
24 39 50.4 0 0 0 10.2 51.3 12.8 23.1 2.6 
36 40 11.8 0 0 0 60.0 32.5 5.0 2.5 0 
48 41 3.9 0 2.4 2.4 83.0 12.2 0 0 0 
60 41 1.8 0 12.2 31.7 48.8 7.3 0 0 0 
7 41 0.85 7.3 48.8 12.2 31.7 0 0 0 0 
84 2 0.55 3.4 75.9 6.9 13.8 0 0 0 0 


* Aureomycin Crystalline Ointment for Udder Infusion, 60 mg./gram. 


quarter, is shown in Table 2. At 12 hours, extremely high concentrations, rang- 
ing from 50 to 400 y per milliliter, were present in 94.5 per cent of the quarters. 
At 24 hours, more than 50 per cent of the quarters contained concentrations 
between 10 and 50 y per milliliter, and only 10 per cent were in a lower range 
(1.0 to 10.0 y per milliliter). At 48 hours, concentrations of aureomycin, be- 
tween 1.0 and 10 y per milliliter still were present in 83 per cent of the quarters, 
with only slightly less than 5 per cent in lower ranges. On the basis of these 
figures, it can be stated that in the normal cow a single infusion of 400 mg. 
aureomycin per tube of ointment maintains bacteriostatically effective levels of 
aureomycin in milk for at least 48 hours. 

Aureomycin serum concentrations following udder infusion of 400 mg. 


TABLE 3 


Aureomycin content of serum from cows infused with 400 mg. aureomycin in 
ointment per tube* (1 tube/quarter) (y/ml.) 


Animal no. 


Hr. 254 154 373 417 671 674 635 670 672 Mean 
0 < 0.05 <0.05 <0.05 <005 <005 < 005 <0.05 <0.05 <005 0.05 
1 < 0.05 “<0.05 <0.05 < 0.05 < 0.05 
2 0.05 < 0.05 <0.05 < 0.05 le ** < 0.05 0.2 0.1 0.05 
4 < 0.05 < 0.05 0.05 0.1 “* *# =< 0.05 0.1 <0.05 0.04 
6 0.05 0.05 0.1 0.2 0.1 

12 0.1 0.2 0.4 0.8 0.4 0.1 0.2 0.2 0.2 0.3 

18 0.1 0.2 0.1 0.4 0.2 

24 < 0.05 <0.05 < 0.05 0.2 0.1 0.05 0.1 0.05 0.2 0.08 

36 < 0.05 < 005 <0.05 < 0.05 < 0.05 

48 <0.05 < 005 <0.05 < 0.05 < 0.05 

60 < 0.05 < 0.05 <0.05 < 0.05 < 0.05 


** No sample taken. 
* Aureomycin Crystalline Ointment for Udder Infusion, 60 mg./gram. 
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aureomycin are presented in Table 3. A peak aureomycin concentration in 
serum, varying between 0.1 and 0.8 y per milliliter was reached in 12 hours. 
It is evident, therefore, that aureomyecin is absorbed from udder to blood. 


DISCUSSION 


Several reports have appeared on the clinical use of aureomycin in the 
treatment of mastitis. Various dosage schedules have been used in the field, and, 
in the case of more than one infusion, at varying intervals (1, 4, 6, 10). Slanetz 
and Allen (10) and Bell and Jordan (1) have reported findings similar to ours 
in the infected cow. In infected herds, they found high inhibitory concentra- 
tions of aureomycin present for at least 48 hours following intramammary in- 
fusion of 200 mg. per quarter, even when the udder was milked at 12-hour 
intervals, and highly satisfactory results were obtained in the treatment of 
both streptococcie and staphylococcie mastitis with one or more such infusions. 

The analysis presented in the study reported here can be used as a guide for 
dosage schedules for the treatment of the infected animal. The antibiotic con- 
centrations shown are in milk and blood serum, not udder tissue. Deep-seated 
staphylococcic foci may not be reached by udder infusion and may require 
optimal intravenous dosage of 5 mg. per pound or more. 


SUMMARY 


A single infusion of 400 mg. aureomycin ointment per tube (60 mg. per gram) 
maintained high levels of aureomycin in milk for at least 48 hours from the 
time of infusion. A peak of aureomycin concentration in blood between 0.1 
and 0.8 y per milliliter was reached in 12 hours, indicating that aureomycin was 
absorbed through the mammary tissue. 
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THE EFFECT OF ETHYL ALCOHOL ON THE PLASMA VITAMIN A 
LEVELS OF CALVES AND GOATS 


JAMES W. CROWLEY? anp N. N. ALLEN 
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Blood plasma levels are commonly used as a measure of the vitamin A 
nutritional status of large animals. Several workers have shown that the blood 
plasma levels do not always give a true index of the liver stores of vitamin A 
(2, 3, 7, 8, 9, 14). Physiological disturbances have been shown to cause varia- 
tions in plasma A levels (8, 10, 15, 18). Also, ration changes seem to cause 
irregular fluctuations in the plasma <A levels (1, 10, 15). 

Clausen and co-workers (4, 5) showed in extensive work with dogs that the 
feeding of different alcohols causes an increase in plasma A levels. 

The object of this study was to determine the effect of ethyl alcohol on the 
plasma A levels of calves and goats in relation to their vitamin A nutritional 
status. 

EXPERIMENTAL PROCEDURES 

The following groups of calves and goats were used: Group 1 consisted of 
five calves and three goats that had received normal rations from birth. The 
plasma A levels indicated that these animals were in adequate vitamin A 
nutritional status. Group 2 consisted of ten calves that were raised from birth 
on restricted amounts of goat milk and beet pulp. The plasma A levels of these 
ealves ranged from 8 to 13 y per 100 ml., and they were considered to be on 
the borderline of vitamin A deficiency. Group 3 consisted of seven calves from 
group 2 which had been further depleted of vitamin A and three goats that had 
been fed vitamin A depleting rations for 4 to 5 months. The plasma A levels 
were consistently under 8 y per 100 ml. 

For this study each of the animals was given 50 ml. of 95-per cent ethyl 
alcohol per 100 lb. of body weight. The calves that were receiving milk were 
given the alcohol mixed into a quart of skimmilk and fed by nipple. The alcohol 
was diluted with water and given by stomach tube to four older calves and to 
all goats. Each calf was given alcohol at a regular feeding with no other change 
in the feeding routine. After one week each was given alcohol again following 
a 48-hour fasting period. The calves in group 1 later were given intravenous in- 
jections of 25 ml. of alcohol diluted to 100 ml. with physiological saline. 

Thirty-milliliter blood samples were taken from the jugular vein prior to 
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treatment and every 2 hours after treatment for 24 hours. Duplicate vitamin 
A and carotene determinations were made on the blood plasma by the method 
of Kimble (13). 

Twenty-four hours after aleohol was fed, nine calves and six goats were 
slaughtered, and liver stores of vitamin A were determined by the method 
of Davis (6). All slaughtered animals were from the groups deseribed above. 
At the time of slaughter three of the goats had been on vitamin A depleting 
rations for 5 months and three of them had been on normal rations from birth. 
The slaughtered calves had received restricted amounts of carotene and vitamin 
A since birth, and at the time of slaughter plasma A levels indicated that they. 
were on the borderline of vitamin A deficiency. 


RESULTS 
As shown in Table 1, the oral administration of ethyl alcohol caused a definite 
increase in the plasma A levels within 4 hours after it was fed to group 1. All 
animals in this group had received adequate amounts of vitamin A in their 


TABLE 1 
Changes in plasma vitamin A levels of calves and goats following 
the oral administration of ethyl alcohol. 


Plasma Vitamin A 


Dietary Exptl. no. Age +¥/100 ml. 
sities and breed (mo.) O hr. 4hr. 24 hr. Chge. @ 4 hr. 
Calves 
I 11G 3 21 33 19 12 
Normal 12H 3 16 2 16 13 
vitamin A 13G 8 14 31 15 17 
intake 14H 8 24 35 23 11 
15H Ss 17 33 16 16 
Goat 
1: 12 21 37 20 16 
2 12 25 41 24 16 
3 12 29 49 28 20 
Calves 
II 71J 4 13 25 13 12 
Restricted 72J 3 13 31 15 18 
vitamin A 73J 3 8 9 8 1 
75G 4 12 15 12 3 
79G 5 12 14 14 2 
806 + 9 8 9 -1 
367H 5 10 26 10 16 
370H 3 11 10 10 -1 
23A 4 12 30 14 18 
25A 4 9 15 10 6 
Calves 
III 71d 8 6 5 5 -1 
Vitamin A 723 7 6 8 6 2 
deficient 75G 9 8 13 9 5 
. 79G 9 4 5 4 1 
80G 8 5 5 5 0 
370H 7 8 11 8 3 
25A 9 7 11 7 4 
Goats 
4 12 6 5 7 -1 
5 12 7 8- 7 1 
6 12 5 4 4 -1 
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diets prior to the aleohol study. The effect of aleohol on the animals of group 2, 
which were in questionable vitamin A nutritional status, varied with individuals. 
When alcohol was given to depleted calves (group 3), the changes in plasma A 
levels were small and inconsistent and within range of the experimental errors. 

The plasma vitamin A levels at 0, 4, and 24 hours are summarized in Table 1. 
The 2-hour levels were about the same as the pretreatment level, and the max- 
imum levels were obtained within 4 hours after treatment. The maximum levels 
were maintained through the 12-hour bleeding. After 12 hours there was a con- 
sistent decrease in the plasma A levels, and they returned to the pre-treatment 
level within 24 hours. 

Fasting the animals for 48 hours did not influence the effect of the alcohol. 
Intravenous injections of 25 ml. of diluted alcohol caused an increase in plasma 
A levels. However, there was more variation between individuals than when 
the alcohol was given orally, and again the change was not detected until 4 hours 
after treatment. 

In order to secure more accurate information on the body stores of vitamin 
A in relation to the increase in plasma A following alcohol administration, nine 
ealves and six goats from the above groups were slaughtered 24 hours after the 
aleohol was fed. The data summarizing the changes in the plasma A levels 
following an oral dose of aleohol and the corresponding liver stores of these 


TABLE 2 
Liver and plasma vitamin A levels following oral administration of ethyl alcohol. 


Plasma Vitamin A 


Exptl. no. 7/100 ml. Liver Vitamin A 
and breed Age hr. 4 hr. 24 hr. Chge. @ 4 hr. 24 hr. 
(mo. ) 7/100 g. 
Calves 
71J 9 10 13 10 3 97 
725 8 11 15 9 + 89 
75G 10 11 18 12 7 365 
79G 10 11 11 11 0 65 
80G 9 13 18 13 5 116 
367H 5 14 27 14 13 335 
370H 8 12 17 10 5 136 
23A + 13 28 14 15 565 
25A 10 15 23 10 8 171 
Goats 
1 12 24 44 28 20 4010 
2 12 25 43 24 18 3218 
3 12 21 37 23 16 3861 
+ 12 8 7 Ss -1 41 
5 12 7 8 7 1 26 
6 12 6 7 6 1 33 


same animais are given in Table 2. Here again, the maximum level was reached 
in 4 hours after the aleohol was fed. The greatest increases occurred in animals 
that had large amounts of vitamin A in the liver. 

Alcohol caused a definite increase in plasma A levels of all calves and goats 
that were on adequate vitamin A diets. Also, data on liver storages show that 
all animals that had large stores of vitamin A in the liver gave a similar response 
to the alcohol treatment. Therefore, it is concluded that alcohol causes an in- 
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crease in the vitamin A level of the blood plasma if vitamin A is stored in the 
liver. 


DISCUSSION 


The direct relationship between the increase of the plasma levels when 
alcohol is fed and the vitamin A nutritional status and liver storage of the 
subjects indicates that this increase is due to a mobilization of stored vitamin A. 
It further indicates that the change in plasma A levels following administration 
of alcohol may be used as an index of the animal’s nutritional status and liver 
stores of vitamin A. ; 

Additional work is needed to determine whether or not alcohol increases 
the vitamin A requirement of the body. Clausen (5) reported that the ester 
form of vitamin A in the plasma increased following oral doses of alcohol, but 
the amount of free vitamin A remained the same. However, the dogs fed 
alcohol daily had smaller liver stores of vitamin A than his control group. 
Baumann et al. (2) also found that rats stored less vitamin A in the liver when 
alcohol was fed, and kidney stores were increased. The results of this study show 
that vitamin A is removed from body stores and is mobilized into the blood 
stream; however, when only one dose of alcohol is given, the blood returns to 
pretreatment level in 24 hours. The fate of the mobilized vitamin A is not known. 

Since alcohols do cause an increase in plasma A levels and possibly reduce 
liver stores, their presence in the diet may explain some of the antagonistic 
effects of some diets on vitamin A. Solyanikova (16) found that an excess of 
vitamin D causes an increase in plasma A levels and a subsequent decrease in 
liver stores. Clausen (5) suggested that this may be due to the alcoholic effects 
of vitamin D. This or a similar reaction could be a possible explanation for 
some of the effects of tocopherol (11), xanthophylls (12), crude soybean oil (17), 
and large feeding of skimmilk (10) on vitamin A and carotene metabolism. 

The increase in plasma A levels is so marked when alcohol is fed to animals 
with adequate vitamin A that the effect of an oral feeding of aleohol may be a 
valuable practical measure for determining the vitamin A nutritional status 
of large animals without sacrificing them or resorting to liver biopsy. In 
experimental work, it often is desirable to know when the stores are depleted 
before supplements are given. 

If additional work shows that vitamin A mobilized by the alcohol is destroyed 
or used by the animal, aleohol may be useful to decrease the time required to 
deplete vitamin A stores. This also may be of considerable practical importance 
in providing adequate vitamin A for animals that receive alcohol in their diets. 
Since the higher alcohols and possibly related compounds may produce a similar 
effect, the feed could influence the dietary requirements for vitamin A. 


SUMMARY 


Blood plasma vitamin A levels increased 14 to 18 y per 100 ml. within 4 
hours after ethyl aleohol was fed to calves and goats that were on adequate 
vitamin A rations. The alcohol did not cause a definite increase in. plasma 
A levels of vitamin A-depleted animals. The effect of alcohol on plasma A 
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levels and subsequent data on liver stores of the same animals indicated that 
there is a direct relationship between the amount of vitamin A stored in the 
liver and the amount of increase in plasma A levels after alcohol is fed. The 
increase in plasma vitamin A levels following aleohol feeding may be a useful 
method for determining the true vitamin A nutritional status of large animals 
without sacrificing them. 


REFERENCES 
(1) ALLEN, R.S., Wise, G. H., Jacospson, N. L. Occurrence in Blood Plasma from Certain 
Dairy Calves of Facters that Interfere with the Color Reactions of Activated Glycerol 
Dicholorohydrin with Vitamin A and Carotenoids. J. Dairy Sci., 32: 688-695. 1249. 
(2) Baumann, C. A., Foster, E. C., Aanp Moore, P. R. The Effeet of Dibenzenthracene, of 
Alcohol, and of other Agents on Vitamin A in the Rat. J. Bio!. Chem., 142: 597-608. 
1942. 
(3) Braun, W. Studies on the Carotenoids and Vitamin A Love!s in Cattle. IT. Carotenoids 
and Vitamin A in the Liver, their Ratio, and their Relationship to B‘cod Levels. J. 
Nutrition, 29: 73-79. 1945. 
(4) CLausen, S. W., Breese, B. B., Baum, W. S., McCorp, A. B., AND RypEEN, J. D. The 
Effect of Alcohol on the Vitamin A Content of Blood in Human Subjects. Science, 
93: 21-22. 1941. 
(5) CLausen, S. W., AND McCorp, A. B. The Mobilization by Alcohols of Vitamin A from 
its Stores in the Tissue. J. Nutrition, 24: 1-14. 1942. 
(6) Davis, A. W. Colorimetric Determination of Vitamin A in Livers by Alkali Digestion. 
Biochem. J., 27: 1770-1775. 1933. 
(7) Hisss, J. W., anp Krauss, W. E. The Effect of Feeding Vitamin A on the Blood Picture 
and on Liver Storage in Calves. J. Dairy Sei., 29: 519-520. 1946. 
(8) Hreps, J. W., anp Krauss, W. E. The Effect of Supplementary Vitamins on Blood 
Composition, Liver Storage, and Incidence of Secours in Calves. J. Dairy Sci., 30: 
115-120. 1947. 
(9) Jacosson, W. C., Converse, H. T., AND Moore, L. A. Effects of Vitamin A and Carotene 
Intake on Depletion Time of Young Dairy Calves. J. Dairy Sei., 32: 418-428. 1949. 
(10) Jacosson, W. C., AnD Tuomas, J. W. Some Irregular Fluctuations in the Vitamin A 
Level of Blood Plasma Produced by Ration Changes in Calves. J. Dairy Sci., 31: 
671-672. 1948. 

(11) Jonnson, R. M., AND BAuMANN, C. A. The Effect of Alpha-tocopherol on the Utilization 
of Carotene by the Rat. J. Biol. Chem., 175: 811-816. 1948. 

(12) Jounson, R. M., AND BAUMANN, C. A. Storage of Vitamin A in Rats Fed Cryptoxanthine 
and Certain other Carotenoids with Parallel Data on Absorbability. Arch. Biochem., 
19: 493-501. 1948. 

(13) Kise, M. S.. The Photoelectric Determination of Vitamin A and Carotene in Human 
Plasma. J. Lab. and Clin. Med., 24: 1055-1065. 1939. 

(14) Lewis, J. M., Anp Witson, L. T. Vitamin A Requirements in Calves. J. Nutrition, 30: 
467-475. 1945. 

(15) Murtey, W. R., Jacosson, N. L., Wise, G. H., anp ALLEN, R. S. Filled Milks for Dairy 
Calves. II. Comparative Effects of Various Types of Soybean Oils and Butter Oil on 
Health, Growth, and Certain Blood Constituents. J. Dairy Sei., 32: 609-619. 1949. 

(16) Satyanrkova, V. L. The Influence of Vitamin D on the Vitamin A Content of the Blood 
and Tissues of Animals. Abs. in Chem. Abs., 34: 6335. 1940. 

Squiss, R. L., Cannon, C. Y., AnD ALLEN, R. J. Effects of Raw Soybeans and of Soybean 
Oil on Plasma Carotene and on Vitamin A as Measured by Activated Glycerol Dichloro- 
hydrin. J. Dairy Sei., 31: 421-427. 1948. 

(18) Surron, T. S., anp Kagser, H. E. Some Physiological Effeets of Extending the Colostrum 

Feeding Period for Dairy Calves. J. Dairy Sei., 29: 13-26. 1946. 


(17 


i 


THE NUTRITIONAL REQUIREMENTS OF LACTIC STREPTOCOCCI 
ISOLATED FROM STARTER CULTURES. I. GROWTH 
IN A SYNTHETIC MEDIUM! 


A. W. ANDERSON anp P. R. ELLIKER 
Oregon Agricultural Experiment Station, Corvallis 


The use of reconstituted nonfat milk solids for the growth of lactic cultures 
has provided greater uniformity in composition of culture medium than is true 
of selected whole milk or skimmilk (5). Yet day to day variations in the rate 
of growth of such cultures still are encountered. Cultures also frequently show 
a gradual loss in activity, which suggests some shift in the nutritional require- 
ment of strains comprising the culture. Another possibility is that even high- 
grade fresh or reconstituted milk may be deficient in some nutrients essential 
for active growth of some organisms. 

The ultimate purpose of this investigation was to determine whether or not 
milk as used for starter cultures provided all the nutrients required for active 
growth of various strains of Streptococcus lactis and Streptococcus cremoris 
isolated from different sources. An attempt also was made to determine the 
difference in nutritional requirements between fast and slow strains. The 
factors which cause fast acid production and proper flavor development in a 
starter may be due to several essential metabolites which in some instances 
may be present in suboptimal amounts or unavailable in milk for certain strains 
of lactic streptococci. The rapidity of growth of a particular strain in milk 
may be dependent upon the ability of its enzyme systems to make available 
for utilization essential amino acids or certain bound nutrients. If this were 
the chief factor limiting rate of growth in milk, there should be no marked 
difference in the rate of growth of fast or slow strains in a complete synthetic 
medium. 

The logical first step in a study of the above factors appeared to be an in- 
vestigation to establish the individual amino acid and accessory growth require- 
ments of S. lactis and S. cremoris in a synthetic medium. Niven (8) was the 
first to study the nutritional requirements of this group of organisms in a 
completely synthetic medium. He investigated 21 strains of S. lactis and found 
that all cultures required pantothenic acid, nicotinic acid, and biotin for growth. 
Eighteen strains required thiamin and 15 required riboflavin. At least 14 
amino acids were required before prompt growth occurred when they were 
used to replace hydrolyzed casein. Glutamine and asparagine were essential 
for the initiation of growth in all strains. However, Pollack and Lindner (9) 
found that glutamine and asparagine were not required by all the strains of 
S. lactis which they investigated and that glutamic acid and aspartic acid 
could replace the amide if a high concentration was employed. 
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Smith (10) stimulated the growth of S. lactis by incorporating a small 
amount of yeast extract in an otherwise nutritionally complete synthetic medium. 
Wright and Skeggs (17) showed a similar stimulation of S. lactis using tryp- 
sinized vitamin-free casein. The substance may have been similar to the 
‘*strepogenin’’ of Sprince and Woolley (138). Collins, et al. (1) found that 
the addition of sorbitanmonooleate, plus acetate, or reticulogen to Niven’s 
medium made it nutritionally complete for the growth of S. cremoris and some 
fastidious strains of S. lactis. 

Snell and Mitchell (12) noted that adenine stimulated the growth of and 
appeared essential for S. lactis and in order to obtain maximum growth, adenine, 
guanine, thymine or uracil must be included in the medium. Stokes (14) ob- 
served that thymine or thymidine could replace folic acid in the growth of 8. 
lactis R (Streptococcus faecalis), but that adenine was necessary for active 
growth with either thymidine or folic acid. Guanine or xanthine could sub- 
stitute for adenine. He assumed the same nutritional requirement for related 
lactic acid bacteria. 


EXPERIMENTAL 


Thirty-two organisms comprising 30 strains of S. cremoris and two strains 
of S. lactis isolated from high quality commercial starters were selected for 
this investigation. In addition to these, 8S. cremoris (ATCC 9596), S. lactis 
(ATCC 7963), and S. lactis E also were employed. The strains of each species 
were identified, using the method of Nichols and Hoyle (7). Each strain was 
characterized as fast or slow by culturing in reconstituted nonfat milk solids 
at 21.5° C. Those which failed to curdle the milk in 16 hours or more were 
classed as slow, whereas those which did were classed as fast strains. The fast 
or slow growth also was a corresponding characteristic when the strains were 
cultured in a synthetic medium. 

The cultures of S. cremoris and S. lactis were transferred daily and cultured 
at 21.5° C. in skimmilk reconstituted to 16 per cent from high grade nonfat, 
low heat, spray-process milk solids. The cultures were prepared for the nutri- 
tion tests by growing them for 24 hours in a triple sugar tryptone broth having 
the following composition: 2 per cent tryptone, 0.5 per cent each of lactose, 
glucose, and sucrose, 0.5 per cent yeast extract, 0.25 per cent gelatin, and 0.07 per 
cent ascorbic acid. The medium was reconstituted in distilled water and the 
pH adjusted to 6.8. The cultures then were washed twice by centrifugation 
in sterile distilled water and resuspended to double the original volume in 
N/15 phosphate buffer plus 0.85 per cent sodium chloride adjusted to pII 7. 
These suspensions could be stored at 2° C. for one week without loss of activity. 
One drop of cell suspension was used as inoculum for 2 ml. of the experimental 
medium. By employing this method, one batch of washed cells usually would 
suffice for the complete amino acid or vitamin determination, insuring less 
variation in the strain over the period of the complete test. 

The basal medium used was a modification of that employed by Henderson 
and Snell (3) for the determination of amino acids with various microorganisms. 
One gram each of glucose and lactose and 0.5 g. of sucrose were substituted in 
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place of glucose alone. The inclusion of lactose and sucrose was based on 
observations of McLaughlin (6), who noted that these sugars favored growth 
of some lactobacilli in an agar medium. Ten mg. of glutamine and asparagine, 
40 mg. aseorbie acid, and 1 ml. of a 0.5-per cent Tween 80 solution were addi- 
tional ingredients added to 100 ml. double strength of this medium to make it 
nutritionally complete for all the organisms. Tween 80 was omitted when de- 
termining biotin requirements. Liver fraction IL, was used only to determine 
the maximum growth that could be obtained in less than 24 hours. The vitamin 
solutions were prepared in convenient dilutions as directed in the above pro- 
cedure. The amino acids were prepared in concentrated mixtures omitting 
those for which the individual growth promoting effects were being determined. 

The micro method developed by Henderson, et al. (2) was employed and 
proved a rapid and very satisfactory means of studying simultaneously the 
individual amino acid and vitamin requirements of many organisms. The test 
cultures were incubated for 72 hours at 30°C. and the growth response 
measured as titratable acidity. The titrations were carried out directly in the 
culture tubes, using a Cannon automatic titrimeter equipped with a quin- 
hydrone electrode. The growth promoting response of each amino acid, vitamin, 
or accessory factor was determined in duplicate or quadruplicate for each indi- 
vidual strain studied. In the latter part of the investigation observations on 
rate of initial growth were made after 6 and 12 hours. Substances considered 
essential were those without which growth did not occur in the synthetic 
medium. Substances classed as stimulatory were those that accelerated or 
stimulated rate of growth; however, a stimulatory substance was not necessarily 
essential. 

Streptococcus faecalis (ATCC 8048), Lactobacillus casei (ATCC 97382), 
Leuconostoc mesenteroides (P-60), and Lactobacillus gayoni (ATCC 7469), for 
which the nutritional requirements are fairly well established, were used as 
controls in order to insure purity and identity of all amino acids and vitamins 
used. 

Table 1 summarizes the vitamin and amino acid requirements for all strains 
investigated. Few strains produced acid in significant amounts in the absence 
of any one of the following amino acids: proline, arginine, isoleucine, valine, 
leucine, methionine, and both glutamine and glutamic acid. Proline was not 
required by the ATCC S. lactis or S. cremoris. Arginine was not required by 
strain 144, otherwise its requirement was not significantly different from the 
other strains studied. 

The varied pattern of amino acid requirements renders generalization difficult. 
However, results indicated that of the 21 amino acids, approximately 16 were 
required before maximum growth was obtained. Of these, various combinations 
of threonine, glycine, glutamic acid, lysine, alanine, phenylalanine, and aspara- 
gine, exclusive of those which were essential, were required to initiate or stim- 
ulate the growth of a number of the strains. The only amino acids which did 
not exert a pronounced effect upon the growth when omitted individually 
from the test medium were cystine, trytophane, serine, aspartic acid, and 
tyrosine. 
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Serine had slight depressing effect upon the growth of many of the lactic 
streptococci. It was noted that its omission not only resulted in a higher acid 
production by almost all the strains, but also resulted in the growth of .several 
organisms which had previously not responded to the complete medium. The 
toxicity of serine, glycine, threonine, and beta alanine was noted by Snell and 
Guirard (11) while investigating the nutrition of Lactobacillus lactis. They 
found that this toxicity could be removed by using a higher level of alanine. 
The medium used in the present investigation contained five times as much 
alanine as serine, and the increase of alanine to ten times that of serine failed 
to eliminate the toxicity. The inclusion of liver fraction L, which contains 
peptides, increased the toxic nature of serine. It was found that the omission 
of serine and the substitution of liver fraction L in the medium to the extent 
of 250 y per milliliter increased the acid production by about 10 per cent for 
all strains over that produced in the control which contained serine. 

Glutamic and aspartic acid could replace glutamine and asparagine for 10 
of the organisms investigated, while 13 strains required glutamine or asparagine 
to initiate growth. The others were markedly stimulated. The best results were 
obtained when both the amine and acid were included in the basal medium. 

Niacin, calcium pantothenate, and biotin were required, and pyridoxamine, 
thiamin, and folic acid appeared stimulatory for practically all strains of S. 
cremoris and S. lactis. Fourteen strains of S. cremoris and 1 strain of S. lactis 
required riboflavin, 11 8. cremoris and 1 S. lactis were stimulated, 6 S. cremoris 
and 2 S. lactis showed no response. Of the purine bases, adenine and guanine 
were essential for the growth of 4 strains, and the pyrimidine and uracil were re- 
quired by 5 strains. Guanine stimulated the growth of most of the strains in- 
vestigated. Liver fraction I, had a marked stimulatory effect on the initial 
growth of almost all of the strains investigated, especially those which were 
characterized as slow. Their growth rate equalled that of the faster growing 
strains when this substance was added. 


DISCUSSION 

The variability in growth requirements of the strains of S. Lactis and S. 
cremoris selected for this study suggests that other strains may exhibit nutri- 
tional needs different than those observed in the present investigation. How- 
ever, it is believed that the results do enable some generalizations relative to 
growth requirements of lactic streptococci employed in starter cultures. 

A comparison of the amino acid requirements of the organisms isolated 
from starter cultures and those investigated by Niven show only one significant 
difference in that proline in this study was essential for all S. lactis and S. 
cremoris isolated from commercial dairy starters. The inhibition by serine 
is an example of metabolic interference of structurally similar compounds 
and, therefore, suggests the necessity of an amino acid balance in the synthetic 
medium. 

The fact that omission of pyridoxine from the medium resulted in ap- 
proximately half-maximum growth in all the cultures*would indicate that these 
organisms have the power to synthesize a part of their pyridoxine requirement. 
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Holden and Snell (4) observed that DL-alanine serves as a precursor for the 
vitamins by acting catalytically in the racemization of certain amino acids. 
Stokes and Gunness (15) state that pyridoxine functions in the synthesis of 
lysine, threonine, and alanine by certain lactobacilli which they studied. 

Reports on the requirements of riboflavin for the lactie streptococci have 
been conflicting in some instances, possibly because of the few strains studied. 
The results of the present studies on riboflavin requirements are in close agree- 
ment with those of Niven, since 15 of 35 strains investigated required this 
vitamin. The strains requiring adenine usually required guanine or uracil or 
were stimulated by them. These studies indicated that purine or pyrimidine 
could not be substituted one for the other. 

The fastidious nature of many of the isolated strains of S. cremoris and 8S. 
lactis was emphasized by the fact that none would develop in Niven’s medium. 
The medium of Henderson and Snell which is complete for a number of lactie 
acid species and which contains acetate had to be modified to support abundant 
growth of all strains used in this study. Inclusion of Tween 80, ascorbic acid, 
and lactose in this medium provided better growth in the case of some organisms, 
and the lag period was noticeably shortened. It was observed that Tween 80 
could effectively replace biotin in the synthetic medium. The observations of 
Williams et al. (16) on the growth of lactic acid bacteria indicate that in the 
absence of biotin either Tween 80 or oleic acid is essential for growth. These 
investigators suggest that biotin might catalyze the synthesis of oleic acid. 

The results on addition of liver fraction L suggest that peptides or peptide- 
like substances play an important part in the nutrition of the lactic acid 
bacteria. This substance provided the greatest stimulatory effect on all the 
lactic streptococci investigated, especially the cultures which were characterized 
as slow acid formers. Subsequent studies should demonstrate whether or not 
the stimulatory factor is similar to Sprince and Woolley’s ‘‘strepogenin.’’ The 
results also suggest further investigations to establish the effect of liver fraction 
L and enzymatie digests of milk protein on growth of lactic streptococci in milk. 


SUMMARY 

A nutritional investigation of 35 strains of S. lactis and S. cremoris isolated 
from commercial starter cultures show that they required proline, isoleucine, 
valine, leucine, histidine, glutamine, and methionine, and all except one re- 
quired arginine. Cystine, tryptophane, aspartic acid, and serine were not 
required for growth of any of the strains investigated. All of the other amino 
acids were required by one or more of the strains in order to initiate growth. 
Glutamie acid could substitute for glutamine in 10 of the 35 strains studied. 

Niacin, pantothenic acid, and biotin were required for growth by all of 
the strains investigated. Pyridoxine and thiamin were necessary in all cases 
for maximum response. The requirement for riboflavin was varied. Most of the 
strains were stimulated and more than one-third required it for growth. 

Liver fraction L markedly stimulated the rate of initial growth of all strains 
of S. lactis and 8. cremoris studied. The effect was especially pronounced in the 
ease of the slow strains. 
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PREPARTUM MILKING. IV. THE EFFECT OF PREPARTUM MILKING 
ON MILK PRODUCTION AND LENGTH OF TIME REQUIRED 
TO REACH PEAK OF LACTATION 


W.S. GAUNYA anp H. D. EATON 


Animal Industries Department, Storrs Agricultural Experiment Station, 
University of Connecticut, Storrs 


The practice of prepartum milking, unless it results in greater milk pro- 
- duction or relief of mammary edema, is of little economic significance (9). 
Literature concerning the effect of this practice on mammary edema is contra- 
dictory. Several investigators (3, 7, 11, 14, 16) have indicated that prepartum 
milking relieved mammary edema, while other investigators (2, 4) found that 
the practice had little or no effect on mammary edema. 

There are reports that prepartum milking may result in greater milk pro- 
duction by bringing the animal into full production sooner (12, 13). In an 
experiment involving 38 prepartum-milked Ayrshires and their controls, Acker- 
man and Hyatt (1) reported that the prepartum-milked cows exceeded their 
controls by 510 lb. of milk. The lactations, which were of 48 weeks duration, 
with twice-a-day milking, were corrected to maturity. In another study of 
prepartum-milked Ayrshires, Ackerman and his associates (2) found that 
prepartum-milked cows reached their peak of lactation somewhat later than 
postpartum-milked cows. 

The object of this study was to determine the effect of prepartum milking 
on milk yields and the length of time required to reach peak of lactation. 


EXPERIMENTAL 


The data for this study were derived from the performance of 44 cows which 
were used in an experiment previously reported (4, 5, 6) for the purpose of 
determining the effeet of prepartum milking on the blood constituents of the 
eow and ealf, the composition of colostrum, and the degree of mammary and 
umbical edema. 

The cows, consisting of Holsteins, Guernseys, Jerseys, and Ayrshires, were 
divided into prepartum- and postpartum-milked groups of 22 cows each. The 
groups were equalized insofar as possible in respect to age, breed, number of 
previous lactations, anticipated length of dry period, health, ancestry, and 
previous dietary history. In the prepartum-milked group twice-daily milking 
was started 10 days prior to the calculated calving dates. They actually were 
milked 8.68 + 0.97 days prepartum. Thirteen of these cows and twelve in the 
postpartum group received 1 million USP units of supplemental vitamin A 
daily for 30 days prior to the caleulated calving date. 

On the fourth day postpartum the cows were moved from the experimental 
barn and joined the main dairy herd of the University and were fed as regular 
members of this herd. They were fed hay and silage ad libitum and limited 
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pasture when available. A commercial 15 per cent crude protein dairy ration 
was fed at the rate of approximately 7 lb. of grain for each pound of butterfat 
produced per day. All the cows were milked twice daily at 12-hour intervals. 
The management conditions during the subsequent and previous lactations 
were quite similar except that during the previous lactations the cows were 
milked three times daily for part of their lactation prior to a change in herd 
practice from three times to twice daily milking. 

Daily milk weights were kept and daily butterfat determinations were made 
once a month. 

RESULTS 


The effect of prepartum milking on milk yields. There were 22 cows with 
lactation records in each group which consisted of eight Holsteins, six Guern- 
seys, five Jerseys, and three Ayrshires. Starting with the third day after calving, 
the first 240 days of lactation vield of each animal was converted to a two-time 
daily milking, mature equivalent F.C.M. basis (8, 10). 

The 22 prepartum-milked cows averaged 10.370 + 438 lb. of F.C.M., and 
the 22 postpartum-milked cows averaged 10,383 + 307 lb. of F.C.M. (Table 1). 


TABLE 1 
The average 240 day, 2x, mature equivalent yields of F.C.M. of 
the prepartum and postpartum cows 


Prepartum Postpartum ; Total 
Breed No F.C.M. No F.C.M. No. F.C.M. 
Holstein 8 11,985 + 568 8 11,367 = 344 16 11,767 = 310 
Guernsey 6 10,143 = 576 6 10,179 + 759 12 10,161 + 486 
Jersey 5 7,903 + 523 5 9,121 + 230 10 8,512 + 338 
Ayrshire 3 10,632 + 735 3 10,274 + 656 6 10,452 + 448 
Total 22 10,370 = 4388 22 10,383 = 307 44 10,377 = 264 


The data were analyzed by the analysis of variance (15), which indicated there 
was no significant difference in production between the treatments. 

Twenty-one of the 22 prepartum-milked cows had either a subsequent or 
a previous lactation, making it possible to compare prepartum vs. postpartum 
production during another lactation on a paired record or within-group basis. 
In all cases, the subsequent lactation was used where available. In 17 cases the 
subsequent lactation was used and in four cases the previous lactation. All 
records used were standardized as described previously. 

The 21 cows averaged 10,468 + 470 lb. of F.C.M. in their prepartum lacta- 
tions, and 10,549 + 509 lb. F.C.M. in their subsequent or previous lactations. 
An analysis of variance, using the paired data method, resulted in no significant 
difference between the treatments. 

Of the 22 postpartum-milked cows, 16 had a subsequent or a previous lacta- 
tion which could be compared with the experimental Jactation. In 11 cases the 
subsequent lactation was used. The 16 postpartum-cows averaged 10,776 + 212 
Ib. of F.C.M. in their experimental lactation, and 10,355 + 343 lb. F.C.M. in 
their subsequent or previous lactation. An analysis of variance showed that the 
difference was not significant. 


170 W. S. GAUNYA AND H. D. EATON 


The effect of prepartum milking on the length of time required to reach 
peak of lactation. To eliminate daily variations in milk weights, the lactation 
curves were smoothed by means of a 25-day running average for all cows reach- 
ing their peak on the seventeenth day postpartum or later. For the three cows 
reaching their peak prior to the seventeenth day postpartum, a 15-day running 
average was used. The peak of lactation was designated as highest point in the 
smoothed curve. 

The cows of the prepartum group were compared with those of the post- 
partum group in regard to length of time to reach the peak of lactation. As 
in the production study, there were eight Holsteins, six Guernseys, five Jerseys, 
and three Ayrshires in each group. 

The 22 prepartum-milked cows reached the peak of their lactation in an 
average time of 35.9 + 2.53 days and the postpartum-milked cows reached 
their peak in 44.8 + 4.51 days. (Table 2.) An analysis of variance showed, 


TABLE 2 


The average length of time to reach peak of lactation for 
prepartum- and postpartum-milked cows 


Prepartum Postpartum Total 
Breed No. Days No. Days No. Days 
Holstein Ss 39.0 + 4.36 8 42.3 6.05 16 40.6 + 3.62 
Guernsey 6 31.3 + 2.64 6 45.5 + 14.25 12 38.4 + 7.23 
Jersey 5 29.8 + 6.61 5 48.2— 5.46 10 39.0 + 5.07 
Ayrshire 3 46.7 + 3.72 3 443+ 9.39 6 45.5 + 4.53 
Total 22 35.9 + 2.53 22 44.8 4.51 44 40.3 + 2.64 


however, that the difference was not significant at the 5 per cent level of 
probability. 

Of the 22 prepartum-milked cows, 21 had a subsequent or previous lacta- 
tion. The length of time to reach the peak of lactation in the prepartum 
lactations was compared with that in the subsequent or previous lactations. 
There were seventeen subsequent lactations, and four previous lactations, and 
the subsequent lactation was used where available. The 21 cows reached their 
peak of lactation during their prepartum lactation at an average of 36.7 + 2.54 
days, and the average for their subsequent or previous lactations was 44.6 + 3.69. 

The data were analyzed by the analysis of variance using the paired data 
method, and the difference was found to be significant at the 5 per cent point 
of probability (Table 3). 


TABLE 3 


Analysis of variance of the time to reach peak of lactation of the 21 prepartum-milked cows 
comparing the experimental and the subsequent or previous lactations 


Degrees of Sum of Mean 
Souree of variation freedom squares square 
Total 41 9,078 
Between treatments 1 664 664 * 
Within treatments 40 8,414 210 
Between pairs 20 5,379 269 
Error 20 2,371 119 


* Significant at 5% point of probability 
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In the postpartum group, 16 of the 22 cows had completed a subsequent or 
previous lactation. There were 11 subsequent and 5 previous lactations in 
this group. The 16 postpartum-milked cows reached their peak in an average 
time of 47.7 + 4.96 days during their experimental lactations and in 44.8 + 4.30 
days in their subsequent or previous lactations. The data were analyzed by 
the analysis of variance and difference was not found to be significant. 

An observation that might be made is that the prepartum-milked cows 
reached their peak in 8.9 days sooner than the postpartum-milked cows and that 
the average number of days they were milked prepartum was 8.68 days. In 
this case it appears that the difference in the length of time required to reach 
peak of lactation between the prepartum- and postpartum-milked groups was 
quite similar to the average length of time the prepartum-milked cows were 
milked prepartum. 


SUMMARY 


Twenty-two cows were milked prepartum and their production records were 
compared with a similar group of 22 postpartum-milked cows. In the pre- 
partum-milked group, 21 of the cows had a subsequent or previous lactation and 
these yields were compared with their prepartum yields. In the postpartum- 
milked group there were 16 cows with a subsequent or previous lactation, the 
yields of which were compared with the yields during the experimental lacta- 
tion. In the three comparisons made, there was no significant difference in 
yields of F.C.M. 

The prepartum and the postpartum groups were compared to determine if 
there was any difference in the length of time required to reach the peak of 
lactation. The prepartum cows reached their peak in 35.9 + 2.53 days and the 
postpartum cows reached theirs in 44.8 + 4.51 days. This difference was not 
statistically significant. 

Within the prepartum-milked group, a comparison was made to determine 
whether the 21 cows which had two records reached their peak any earlier in 
their prepartum lactation than in their subsequent or previous lactation. The 
length of time required to reach peak of lactation during the prepartum lac- 
tation was 36.7 + 2.54 days, as opposed to 44.6 + 3.69 during their subsequent 
or previous lactation. This difference was significant at the 5 per cent level 
of probability. 

A similar comparison was made within the postpartum group of 16 cows 
with two records. There was no significant difference in the length of time re- 
quired to reach peak of lactation in this case. 


REFERENCES 

(1) AcKEeRMAN, R. A., AND Hyart, G., Jr. Prepartum II. Some Effects on Production and 
Growth of Calves. (abs.). J. Dairy Sei., 34: 503. 1951. 

(2) AckeRMAN, R. A., Hyatt, G., Jr., AND VAN LANDINGHAM, A. H. Some Effects of 
Prepartum Milking on the Performance of Cows and Calves. (abs.). J. Dairy Sci., 
32: 719-720. 1949. 

(3) Davis, H. P., anp TRIMBERGER, G. W. Premilking of Heavy Producers. Holstein-Friesian 
World, 38: 427-428. 1941. 


172 


(4) 


W. S. GAUNYA AND H. D. EATON 


Eaton, H. D., Jonnson, R. E., HELMBoLpT, C. F., AND SPIELMAN, A. A. Prepartum 
Milking. I. The Effect of Prepartum Milking on Some Blood Constituents of the Cow. 
J. Dairy Sei., 32: 870-876. 1949. 

Eaton, H. D., Jounson, R. E., SprepMAN, A. A., AND Marterson, L. D. Prepartum 
Milking. II. The Effect of Prepartum Milking on the Carotene and Vitamin A and 
Proximate Composition of Colostrum. J. Dairy Sci., 32: 919-926. 1949. 

Eaton, H. D., Jonnson, R. E., SprepMAN, A. A., Marrerson, L. D., AND NEZvESKY, L. 
Prepartum Milking. III. The Plasma Levels of Carotene and Vitamin A in Calves 
from Dams Miiked Prepartum and in Calves from Dams Milked Postpartum. J. Dairy 
Sei., 32: 1032-1037. 1949. 

Esper, D. L. Secretion of Milk, 2nd ed. Lowa State College Press, Ames. 1946. 

Gatnes, W. L. Relationship between Percentage Fat Content and Yield of Milk. Corree- 
tion of Milk Yields for Fat Content. Ill. Agr. Expt. Sta. Bull. 245. 1923. 

Hiut, R., Wippowson, R. W., AND Mages, B. E. Milking before Calving. Agriculture 
(Engl.), 57: 351-358. 1950. 

KeEnprick, J. F. Standardizing Dairy Herd Improvement Association Records in Proving 
Sires. Bur. of Dairy Ind., Mimeograph 925. 

PETERSEN, W. E. Dairy Science. J. B. Lippinectt Co., Chicago. 1950. 

Prescort, M. S., Ed., Ho!stein-Friesian World, 34: 280. 1939. 

Prescort, M. 8., Ed., Holstein-Friesian World, 34: 1724. 1939. 

Smiru, E. P., anp Keyes, E. A. Milking Cows Dry before Parturition. Mont. Agr. 
Expt. Sta. Bull. 475. 1951. 

Snepecor, 8. W. Statistical Methods. 4th ed. Iowa State College Press, Ames. 1946. 

TuRNER, C. W. The Development of the Mammary Gland as Indicated by the Initiation 
and Inerease in the Yield of Seeretion. Mo. Agr. Expt. Sta. Research Bull. 156. 1931. 


(5) 
| (6) 
(8) 
(9) 
| (10) 
(11) 
(12) 
(13) 
(14) 
(15) 
(16) 


DILUTERS FOR BOVINE SEMEN. I. FERTILITY AND MOTILITY 
OF BOVINE SPERMATOZOA IN BOILED MILK? 


D. L. THACKER? anp J. O. ALMQUIST 
Dairy Cattle Breeding Research Center, 
Pennsylvania Agricultural Experiment Station, State College 


Although much attention has been given to the improvement of semen 
diluters during the past decade, the egg yolk-buffer diluter developed by 
Phillips and Lardy (5) in 1940 still provides the basic medium for diluting 
bull spermatozoa in routine artificial breeding operations. They tested the 
livability of bull spermatozoa in evaporated milk also and were able to ob- 
tain fair motility survival for 48 hours, but after 72 hours all of the sperma- 
tozoa were immotile. In 1942 Underbjerg et al. (7) compared undiluted semen 
to semen diluted with autoclaved milk or egg yolk-phosphate and concluded 
that the diluters had little beneficial effect on fertility. The first promising 
report concerning the possible use of boiled cow’s milk as a diluting fluid for 
bull semen came from Czechoslovakia in 1950. Michajilov (3) suggested that 
fresh, clean milk from a healthy cow might be used as a diluter for bull semen 
after it had been boiled, filtered, and cooled. He stated that a dilution rate of 
vne part semen to 25 parts boiled milk had been used successfully. The recent 
favorable report by Thacker and Almquist (6) showed that boiled homog- 
enized milk and boiled pasteurized skimmilk would support motility of bull 
spermatozoa for a satisfactory period of time, although motility survival was 
very poor in the same milks which had not been boiled. Field trials using boiled 
homogenized milk containing no antibiotics gave fertility results slightly 
higher than those obtained with yolk-citrate diluter containing penicillin and 
streptomycin (1, 2). 

Although the use of egg yolk diluters has increased the life span of bull 
spermatozoa so that diluted semen can be stored and used with good fertility 
results for several days, nevertheless these diluters have several limitations. 
Eggs are rather expensive and their handling in the preparation of the diluter 
is both laborious and time-consuming. The investigation reported herein was 
initiated to study the livability and fertility of bull spermatozoa in boiled 
milks. Favorable results, if obtained, would make possible a more economical, 
more easily prepared, and thus more practical diluter for bull semen. 


EXPERIMENTAL 


A preliminary study involving 11 ejaculates diluted at the rate of one part 
semen to 50 parts diluter showed that bovine spermatozoa could maintain 
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motility equally as well in boiled milk as in egg yolk-citrate (1:3, yolk to 
citrate). The milk used in this study was obtained from a Guernsey cow, and 
it was observed that a cream-plug formed which prevented adequate mixing 
of the diluted semen samples. Estimation of motility also was difficult because 
of the numerous fat globules. In subsequent livability tests the use of homog- 
enized milk from the College dairy plant prevented the formation of cream- 
plugs but did not alleviate the difficulty in estimating the percentages of 
motile spermatozoa. However, no difficulty in making motility estimations 
was encountered when skimmilk was used. 

Livability of spermatozoa in previously boiled milks. Based on the results 
of the preliminary study, two trials were conducted to study the effect of 
boiling upon the maintenance of motility in homogenized milk and pasteurized 
skimmilk. Egg yolk-citrate (1:3) served as the control, and all semen samples 
were diluted at the rate of one part semen to 50 parts diluter. All diluted 
samples were stored for 16 days at 4° C. 

In this study, as well as in all later trials, the milks used were mixed milks 
from a commercial-size dairy plant. Both the homogenized milk and skimmilk 
were pasteurized by the vat method for 30 minutes prior to further heating in 
our laboratory. The pasteurized milks were brought to a definite boil in an 
open, glass vessel by direct heat from a Bunsen burner and then allowed to 
cool. The cooled milk was decanted, leaving any surface scum in the beaker. 
Filtering was not necessary in most cases, since the scum usually was in one 
piece. 

The mean motility data for 12 ejaculates diluted with boiled homogenized 
milk and for 13 ejaculates diluted with boiled skimmilk are shown in Table 1. 
It is obvious that boiling of the milks brought about favorable changes in these 


TABLE 1 
Livability of spermatozoa in previously boiled homogenized milk and skimmilk 


% motile spermatozoa 


Duration - - - - 
of storage Egg yolk- Homogenized milk Egg yolk- Skimmilk 
at 4° C. citrate Boiled Unboiled citrate Boiled Unboiled 
days 
63 66 2 62 63 28 
2 60 64 0 59 60 3 
3 54 63 56 58 0 
4 54 62 52 56 
6 46 56 47 45 
8 41 48 30 34 
10 16 20 16 15 
12 10 0 5 7 
16 + 2 2 


products. Motility survival was extremely poor in the unboiled portions as 
compared to portions of the same milk which had been brought to a boil. 
Spermatozoa maintained motility during storage in boiled homogenized milk 
and boiled skimmilk which was not significantly different from spermatozoan 
livability in the yolk-citrate control samples. Motility for the first ten days in 
boiled homogenized milk was somewhat higher than in yolk-citrate but sperma- 
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tozoa were able to remain motile for a longer period in the yolk-citrate diluter. 
Spermatozoa survived equally as long in boiled skimmilk as in the yolk-citrate 
control. 

Livability of spermatozoa in milks previously heated for different lengths 
of time. From the foregoing it is apparent that pasteurization alone does not 
provide sufficient heating for maximum livability. Thirteen ejaculates were 
diluted 1:100 with skimmilk and homogenized milk previously boiled for 1, 
5, 10, and 30 minutes in an open, glass vessel. The average results of the motility 
readings are shown in Table 2 for skimmilk and Table 3 for homogenized milk. 
Analysis of variance of the motility observations made during the 16-day 
storage period showed no significant difference between treatments or diluters 
when using skimmilk. However, an analysis of the data involving homogenized 
milk showed that boiling for 10 minutes was significantly better than any of 
the other treatments for the maintenance of motility and that the milk boiled 
for 1, 5, and 30 minutes was significantly better than the control (P = < 0.01). 
Possibly if boiling had been more vigorous, sufficient evaporation and chemical 
and/or physical changes might have occurred to cause greater differences in 
the duration of motility. 


TABLE 2 
Livability of spermatozoa in skimmilk previously boiled for 1, 5, 10, and 30 minutes 
(mean of 13 ejaculates) 


% motile spermatozoa after storage at 4° C. for 


Diluter liday 2days 3days 4days 6days S8days 1l10days 12 days 16 days 
1:1 yolk- 
citrate 65 59 55 57 51 39 15 12 5 
Skimmilk 
boiled for: 
1 min. 64 60 61 58 48 29 14 8 2 
5 min. 65 61 58 58 46 32 14 8 z 
10 min. 64 62 61 58 52 35 13 6 1 
30 min. 65 62 59 58 51 28 15 5 0 


TABLE 3 


Livability of spermatozoa in homogenized milk previously boiled for 1, 5, 10, and 30 minutes 
(mean of 13 ejaculates) 


% motile spermatozoa after storage at 4° C. for 


Diluter lday 2days 3days 4days 6days Sdays 10days 12days 16 days 
1:1 yolk- 
citrate 65 61 58 57 54 30 18 12 3 
Milk boiled for: 
1 min. 67 65 62 62 58 35 22 9 5 
5 min. 67 63 64 62 58 36 2 11 5 
10 min. 67 65 65 63 59 38 25 16 10 
30 min. 66 65 65 64 59 35 24 8 3 


In order to obtain additional information, the heating time was extended 
to one hour, and two methods of heating were studied. Pasteurized skimmilk 
was used because of the greater ease and accuracy in estimating motility. In 
one study the skimmilk was heated in an open vessel placed directly on an 
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electric hot plate. A second lot of the skimmilk was heated in a glass, covered 
double boiler over a Bunsen burner for 1, 10, 15, 30, and 60 minutes. Using 
an open vessel, the first signs of ebullition were observed at about 92° C., with 
steady boiling at 97° C. Boiling was more vigorous in this case since the 
amount of heat was not reduced when the milk began to boil. In the double 
boiler there was no sign of boiling, as the maximum temperature reached 
usually was 95° C. Timing was started with both methods of heating when 
the skimmilk reached 92° C. After the milk had cooled, 17 ejaculates were 
diluted with skimmilk from each of the heated lots, with unheated skimmilk, 
and with yolk-citrate (1:1) at the rate of one part semen to 50 parts diluter. 


The results of the motility readings are shown in Table 4. As expected, 
the spermatozoa were nearly all immotile within 2 days in the unboiled skimmilk. 
Spermatozoa diluted with skimmilk heated for periods up to 60 minutes in 
the covered double boiler showed very small differences in livability as com- 
pared to spermatozoa diluted with skimmilk boiled in the open vessel. In the 
latter method there was a gradual decline in the maintenance of motility with 
increases in the length of the boiling interval. Motility survival in the yolk- 
citrate diluter was significantly better (P= < 0.05) than in the skimmilk 
diluter which was boiled for 1 minute in the open vessel and highly significantly 
better (P = < 0.01) than in the other skimmilk diluters. There was no sig- 
nificant difference between the skimmilk heated for 1 minute or 10 minutes 
in the open vessel and the skimmilk heated for various periods in the double 


TABLE 4 
Livability of spermatozoa in skimmilk previously boiled in an open vessel or heated in a covered 
double boiler for 1, 10, 15, 30, and 60 min. (mean of 17 ejaculates) 


% motile spermatozoa after storage at 4° C. for: 


2days 4days 6days Sdays 10days 12days 14days 16 days 
Yolk-citrate (1:1) 57 52 46 35 21 14 10 7 
Unboied skimmilk 5 0 


Skimmilk heated in 
double boiler for: 


1 min. 55 48 41 26 15 8 6 5 
10 min 55 51 38 28 16 8 4 3 
15 min. 54 51 37 28 16 8 4 3 
30 min. 55 51 40 27 16 8 + 2 
60 min. 55 49 38 24 12 6 2 2 

Skimmilk heated in 
open vessel for: 

1 min. 55 50 40 30 20 10 6 2 
10 min. 53 48 36 26 16 9 4 2 
15 min. 54 48 35 21 14 9 3 2 
30 min. 53 42 31 18 11 S 3 1 
60 min. 45 29 14 8 4 2 1 0 


boiler. Motility in the skimmilk heated in the open vessel for 15, 30, and 60 
minutes was significantly lower than in skimmilk having the other treatments. 
Although code numbers were assigned at random to all test tubes at the start 
of each replicate, in the present study it was possible to recognize the samples 
of skimmilk which had been boiled for 30 and 60 minutes in the open vessel. 
These samples resembled evaporated milk, being creamy to slightly tan in color. 
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Fertility of semen diluted with boiled homogenized milk. Field trials were 
conducted in cooperation with the Western Pennsylvania Artificial Breeding 
Cooperative, Clarion, and the First Pennsylvania Artificial Breeding Cooper- 
ative, Lewisburg. At the Western Pennsylvania Cooperative, a preliminary 
trial was conducted from April 16 to 27, 1951, involving 12 ejaculates from 6 
fertile Holstein bulls. A more extensive field trial at the First Pennsylvania 
Cooperative began April 30, 1951, and continued through January 1, 1952. 
A total of 185 ejaculates from 12 Holstein bulls of average or above average 
fertility were involved. 

Using the split sample technique, each ejaculate was divided so that half 
was diluted with boiled homogenized milk and half with egg yolk-citrate (1:1) 
diluter (control) containing 1,000 units each of penicillin and streptomyein per 
milliliter of diluter. Antibioties were not added to the boiled milk diluter. The 
rates of semen dilution ranged from 1:35 to 1:75. The control and treated 
portions of diluted semen for each bull were shipped alternately to two similar 
groups of inseminators so that all inseminators had equal opportunities to use 
semen with each type of diluter. 

Homogenized milk standardized to approximately 3.8 per cent fat and con- 
taining 400 U.S.P. units of activated ergosterol per quart (A.R.P.I. process) 
was obtained by the cooperatives from local dairy plants. At the Western 
Pennsylvania Cooperative the milk was brought to a boil in an open, glass 
vessel on an electric hot plate, and boiling was continued gently for 10 minutes. 
The milk was allowed to cool overnight in a refrigerator and the scum was re- 
moved the next morning by decanting the milk. The First Pennsylvania Co- 
operative used an aluminum double boiler to heat the milk. Heating of the milk 
was continued for 15 minutes after the water in the bottom of the double boiler 
started to boil actively. After October 1, the milk was heated for 10 minutes 
after reaching 92° C. The milk was cooled and used the same day. 

The average fertility results for 5,001 first service cows are shown in Table 5. 
A total of 2,381 cows were inseminated with semen diluted with boiled homog- 


TABLE 5 
Fertility of semen diluted with boiled homogenized milk 
: No. Ist 30- to 60-day 60- to 90-day 
Diluter services non-returns non-returns 
(%) 
Boiled milk 2,381 79.9 72.7 
Egg yolk-citrate * 2,620 77.8 71.4 


* 1,000 units each of penicillin and streptomycin per milliliter. 


enized milk and 2,620 cows with egg yolk-citrate-penicillin-streptomycin. The 
60- to 90-day per cent non-returns for the semen diluted with boiled milk was 
72.7 as compared with 71.4 for the semen diluted with yolk-citrate. 
Comparing each treated sample with its control, the effect of the two diluters 
was determined by ‘‘Students’’ method (4); the ‘‘t’* values calculated showed 
that the fertility increase of 1.3 percentage units in favor of the milk diluter 
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was not significant. The ‘‘t’’ test also was used for comparing the average of 
the treated and control samples for each bull, and the same result was obtained. 


DISCUSSION 


These results show that fresh, boiled milk can be used as a satisfactory 
diluter for bull semen. While spermatozoa became immotile very quickly in 
unboiled milks, certain chemical and/or physical changes were brought about 
by boiling so that spermatozoan livability approximated that obtained with 
egg yolk-citrate diluter. Because of difficulties encountered with raw whole 
milk, only homogenized milk and pasteurized skimmilk from local creameries 
were used in this study. 

The work reported by Michajilov (3) is substantiated and extended by these 
findings. He suggested that the beneficial results of boiling milk might be related 
to the hydrolysis of lactose to glucose and galactose, which provides a source of 
energy for the spermatozoa. Other factors may be involved, however, such as 
changes in the interfacial tension, changes in the protein, and a decrease in 
the amount of ionic calcium. Michajilov (38) reported that dilution rates as 
high as one part semen to 25 parts boiled milk were satisfactory. In this study 
it was found that bull semen could be diluted 1:100 without affecting sperma- 
tozoan livability or up to 1:75 without affecting fertility as compared to egg 
yolk-citrate diluter. In the several livability trials the spermatozoa in boiled 
milks were capable of maintaining motility nearly equal to that in egg yolk- 
citrate, but usually there was an apparent difference in favor of volk-citrate 
after one week of storage. 

It was observed that there was practically no clumping or agglutination of 
spermatozoa diluted with boiled milk, in contrast to the clumps and chains of 
spermatozoa which were often found in the yolk-citrate diluted portions. It 
also appeared that spermatozoa moved at a somewhat faster rate in the boiled 
milk diluters. This may be explained partially by the low viscosity of milk 
diluter as compared to egg yolk diluter. 

In preparing milk for use as a semen diluter, attainment of the proper 
temperature is a more critical consideration in obtaining optimum spermatozoan 
livability than is the length of the heating period. Temperature readings taken 
during the heating procedure indicate that the minimum satisfactory tem- 
perature is about 92° C. Underheating should be avoided as experience from 
field experiments has shown that failure to reach 92° C. yields unsatisfactory 
results. Although in the field trials gentle boiling for 10 minutes was suggested, 
heating for 1 minute appears to be adequate, provided a temperature of 92° C. 
is obtained. Laboratory studies showed that milk heated in an open vessel 
should not be boiled longer than 10 minutes to obtain best livability of the 
spermatozoa but that the length of the heating period was not so critical when 
a covered double boiler was used. Experimentation has shown that it is not 
advisable to add unboiled milk to boiled milk for use as a semen diluter since 
relatively small amounts of unboiled milk exert a harmful effect upon the dura- 
tion and degree of motility. 
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SUMMARY 


Laboratory and field experiments were conducted to study the use of milk 
as a diluter for bovine spermatozoa. The heating of homogenized milk and 
pasteurized skimmilk to 95° C. brought about chemical and/or physical changes 
so that spermatozoa diluted with the milk were capable of maintaining motility 
approximately equal to their motility when diluted with egg yolk-citrate during 
a storage period of 16 days. Motility survival was very poor in unboiled milks, 
seldom exceeding two days, even though the milks had been pasteurized. 

In general, optimum spermatozoan livability was obtained when the milk 
was heated to 95° C. for 1 to 10 minutes. Gentle boiling yielded better motility 
survival results than did vigorous boiling. Boiling milk in an open vessel for 
more than 10 minutes reduced the duration of motility, but heating as long as 
one hour in a covered double boiler was not harmful to livability. Reaching 
the proper temperature (92° C. minimum) appeared to be a more critical con- 
sideration in obtaining maximum spermatozoan livability than the length of 
the heating period. 

By use of the split sample technique, the fertility of bovine semen diluted 
in boiled homogenized milk containing no antibiotic was compared with semen 
diluted in egg yolk-citrate (1:1) containing penicillin and streptomycin. On 
the basis of inseminations to 5,001 first service cows, the 60- to 90-day non- 
returns averaged 72.7 per cent for the boiled homogenized milk diluter and 
71.4 per cent for the egg yolk-citrate-penicillin-streptomycin diluter. 

Based upon satisfactory spermatozoan livability and fertility, it is concluded 
that boiled homogenized milk and boiled pasteurized skimmilk provide eco- 
nomical, easily prepared, practical diluters for bovine semen. 


ACKNOWLEDGMENTS 


The authors gratefully acknowledge the assistance and cooperation of A. 
Glynn Esch, manager of the First Pennsylvania Artificial Breeding Cooperative, 
Lewisburg; George W. Thompson, manager of the Western Pennsylvania 
Artificial Breeding Cooperative, Clarion; the laboratory and office personnel 
of these cooperatives; and the technicians for carrying out the details of the 
field experiments. 


REFERENCES 


(1) Aumeuist, J. O. A Comparison of Penicillin, Streptomycin and Sulfanilamide for Improv- 
ing the Fertility of Semen from Bulls of Low Fertility. J. Dairy Seci., 34: 819-822. 
1951. 

(2) Aumeutist, J. O., GLantz, P. J., AnD SHarrer, H. E. The Effeet of a Combination of 
Penicillin and Streptomycin upon the Livability and Bacterial Content of Bovine 
Semen. J. Dairy Sei., 32: 183-190. 1949. 

(3) MicHasiLov, N. N. Sperm Dilution in the Milk. The Czeeho-Slovak Vet. Mag., Jan. 10, 
1950. (Abs.) J. Am. Vet. Med. Assoe., 117: 337. 1950. 

(4) Paterson, D. D. Statistical Technique in Agricultural Research. 1st ed. MeGraw-Hill 
Book Co., Ine., New York. pp. 18-22. 1939. 

(5) Puiuutrs, P. H., anp Larpy, H. A. A Yolk-buffer Pabulum for the Preservation of Bull 
Semen. J. Dairy Sei., 23: 399-404. 1940. 


180 D. L. THACKER AND J. 0. ALMQUIST 


(6) THacker, D. L., anp ALmQuist, J. O. Milk and Milk-produets as Diluters for Bovine 
Semen. (Abs.) J. Animal Sei., 10: 1082. 1951. 

(7) Unperssera, G. K. L., Davis, H. P., anpD SPANGLER, R. E. Effect of Diluters and Storage 
Upon Fecundity of Bovine Semen. J. Animal Sei., 1: 149-154. 1942. 


‘ 


DILUTION OF BULL SEMEN WITH FROZEN 
EGG YOLK-SODIUM CITRATE ! 


VICTOR HURST 
South Carolina Agricultural Experiment Station, Clemson 


Semen diluters have played a major role in the success of artificial insemina- 
tion in dairy cows. Basic in the use of diluters was the work of Phillips (11), 
who prepared an egg yolk-phosphate diluter. A later important step was the 
introduction of an egg yolk-sodium citrate diluter by Salisbury et al. (12). 
A majority of the artificial breeding associations in the United States today 
use some form of the egg yolk-sodium citrate diluter. A disadvantage in using 
this diluter is the amount of time required to prepare the fresh diluter needed 
each semen collection day. 

Underbjerg et al. (15) obtained good breeding results with semen extended 
in an egg yolk-phosphate diluter that had been stored for 160 hours before 
being used. Herrick (6) observed good sperm livability in an homogenized, 
pasteurized egg yolk-sodium citrate diluter that had been kept at 40° F. for 
30 days. It has been reported by Hurst (8) that an egg yolk-sodium citrate 
diluter may be frozen for 4144 months and then used successfully to dilute 
semen. Further work at the South Carolina Station has shown that sperm cells 
retain their fertilizing capacity when stored in a previously frozen diluter. 
This paper presents the design and results of a field trial conducted to test the 
practicability of using a frozen egg yolk-sodium citrate diluter in artificial 
breeding operations. The use of antibiotics also has been investigated. 


EXPERIMENTAL PROCEDURE 


Swanson (14) first showed that the proportion of egg yolk to sodium citrate 
could be decreased below the 50 per cent level, and this work has been con- 
firmed by Hurst (7) and Almquist (1). Crystalline penicillin G and strepto- 


TABLE 1 
Basic design showing diluters used in experiment 


Teehnician Groups 


Wk. I II III IV 
1 Cc PS FC FPS 
2 PS FC FPS Cc 
3 FC FPS Cc PS 
4 FPS Cc PS FC 
5 Cc PS FC FPS 
6 PS FC FPS Cc 
FC FPS Cc PS 
8 FPS Cc PS FC 


C—freshly prepared control diluter; PS—freshly prepared diluter to which penicillin- 
streptomycin had been added; FC—diluter prepared and frozen 1 mo. prior to use; FPS— 
diluter to which penicillin-streptomycin had been added and then frozen 1 mo. prior to use. 
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mycin sulfate were added at the rate of 1,000 units each per milliliter of diluter 
as recommended by Almquist et al. (3). A 4x4 Latin square type of experi- 
ment was designed to compare: (a) a freshly prepared control diluter, C; (b) 
a freshly prepared diluter to which penicillin-streptomycin was added, PS; 
(ec) a diluter prepared and frozen one month prior to use, FC; and (d) a 
diluter to which penicillin-streptomycin was added and then frozen one month 
prior to use, FPS. This 4x 4 Latin square was replicated as shown in Table 1. 
The diluter used consisted of 20 per cent egg yolk—80 per cent O.1M sodium 
citrate. 

Each type of diluter was divided into 500-ml. lots and transferred into 
sterilized No. 21% cans, sealed, and stored at -15° F. On the days that the frozen 
diluters were to be used, the cans were removed from the deep freeze and placed 
in water at 150° F. until thawing was completed. The diluters then were 
brought to 60 to 70° F. for the addition of semen. Semen from all bulls was 
diluted 1:60. In addition to the shipment of semen from each bull according 
to Table 1, diluted samples from the bulls were kept for motility studies. 

Fourteen bulls from the Clemson Dairy Department bull stud were used 
in this field trial. Semen from each bull was collected and shipped once each 
week. The number of ejaculates collected from a bull on a given day depended 
upon the semen requirements for that bull and the quality of the semen. Semen 
quality was based upon inspection of the fresh semen for concentration, micro- 
seopiec examination of initial motility, and the past breeding performance of 
the bull. The bulls represented the Brown Swiss, Guernsey, Holstein, and 
Jersey breeds. Semen was shipped three times each week. This plan required 
the use of some of the semen samples through the third day following collection. 

Each of the groups I, II, IIT, and IV shown in Table 1 represented two tech- 
nicians. These eight men were the most experienced of the twelve technicians 
available in this program. 


RESULTS AND DISCUSSION 


The results of this experiment are shown in Table 2. An analysis of variance 
(13) showed that there were no significant differences in conception rates. 


TABLE 2 

The effect of using frozen diluters upon conception rates 

Diluter lst services % non-returns (60-90 d.) * 
Cc 387 60.5 
PS 362 58.3 
FC 395 61.8 
FPS 414 63.3 
Total 1558 61.0 

“F .05 (variance ratio) = 3.16; F = 0.12, indicating no significant differences among 


means (13). 


Spermatozoan motility in split ejaculates during storage did not vary more 
than would be expected within subjective error. There was a tendency to rate 
the frozen diluters higher because they were easier to read. The fat globules 
in the egg yolk were smaller as a result of the freezing. 
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The data in this experiment, based upon 1,558 first services, show that a 20 
per cent egg yolk-80 per cent 0.11/ sodium citrate diluter may be frozen for a 
period of one month and then be used successfully as a semen diluter in routine 
breeding operations. The conception rates obtained were below average for 
the Clemson bull stud and may be explained by an unexpected increase in the 
number of first services over normal numbers. This increase often did not allow 
the technicians to breed cows during the latter part of the estrus period. 


It also was observed that the addition of antibiotics did not improve con- 
ception rates. Similar observations have been reported by Mixner (9) and 
Olds et al. (10). The present results may be explained in several ways. First, 
it has been reported by Easterbrooks et al. (4) that the addition of 100 or 900y 
of dihydrostreptomycin sulfate per milliliter of diluted semen significantly 
decreased fertility of semen as compared to 300y. The levels of penicillin and 
streptomycin used in this experiment, 1,000 units of each, may have been too 
_ high, although they have been reported as being successful by Almquist et al. 
(3). Secondly, it appears from the work of Foote and Bratton (5) and Alm- 
quist (2) that the addition of antibiotics has for the most part improved the 
conception of low fertility bulls. On the basis of past performance, the bulls 
used in this experiment would not have been classed as bulls of low breeding 
fertility. The results of this experiment are not interpreted as invalidating 
the use of antibiotics in routine breeding operations. 


SUMMARY 


By the use of a split-sample technique, the fertility of bovine semen was 
studied using four diluters: (a) freshly prepared control diluter, C; (b) freshly 
prepared diluter to which penicillin-streptomycin had beeen added, PS; (c) 
diluter prepared and frozen one month prior to use, FC; and (d) diluter to 
which penicillin-streptomycin had been added and then frozen one month prior 
to use, FPS. 

Results, based on 60- to 90-day non-returns to 1,558 first services were as 
follows: C, 60.5 per cent; PS, 58.3 per cent; FC, 61.8 per cent; and FPS, 63.3 
per cent. An analysis of variance showed that there were no significant dif- 
ferences in conception rates. 
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STREPTOCOCCUS THERMOPHILUS BACTERIOPHAGE FROM 
SWISS CHEESE WHEY 


DARRELL D. DEANE, F. E. NELSON, F. C. RYSER®* anp P. H. CARR* 


Iowa Agricultural Experiment Station, Ames 


Occasionally, in the manufacture of Swiss cheese, difficulty is encountered 
with so-called ‘‘dead’’ milk. This results in inability, during the initial stage 
of cooking, to obtain the firmness or grip necessary before the curd can be 
stirred mechanically. This condition could be attributed to slow acid develop- 
ment. Also instances have been observed where the pH of the cheese did not 
drop during the 3 hours after dipping. Some difficulty was observed also when 
acidity of the whey in which the Streptococcus thermophilus was grown was 
progressively lower on successive days of propagation. Although bacteriophages 
active against Streptococcus lactis and Streptococcus cremoris have been known 
for some time as one of the causes of decreased acid production in cheese, the 
authors have not been able to find reports in the literature of bacteriophage 
active against S. thermophilus.* 

This study was made to determine if a bacteriophage active against S. 
thermophilus could be isolated from Swiss cheese whey in which slow acid pro- 
duction had been observed. Such a bacteriophage having been found, its 
principal characteristics were determined. 


MATERIALS AND METHODS 


Eighty-one samples were obtained from Swiss cheese factories located in 
three states, mostly in Ohio. Many of these plants were experiencing some 
degree of slow acid development. A few of the samples were of milk taken 
before setting or of the whey culture used in the kettle. The majority of the 
samples were taken directly from the kettles after the curd had been dipped. 
The samples were collected in sterile, 6-o0z. prescription bottles, some of which 
contained 1 g. of CaCO,, and then mailed without provisions for refrigeration, 
to the laboratory. 

Bacteria-free filtrates were prepared from these samples as follows: The 
whey samples were filtered first through a filter bed of acid-coagulated milk 
to remove material which otherwise might clog the ultrafilter. The filter bed 
was prepared by coagulating 150 ml. of sterile milk with 5.5 ml. of 10-per cent 
lactic acid solution and filtering the mixture through sterile coarse filter paper. 
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*After this paper was submitted for publication, isolation of two bacteriophage strains 
from yoghurt was reported by J. W. Pette and J. S. Kooy (Netherlands Milk and Dairy J., 
6: 233-241. 1952.). Although activity of the bacteriophage was demonstrated, no data on 
morphology, heat resistance, or other characteristics were presented. 


185 


185 DARRELL D. DEANE ET AL 


After a layer of coagulated milk 4g in. thick had been deposited on the filter 
paper, the remainder of the suspension in the funnel was poured off carefully. 
The whey sample then was added and allowed to filter through the bed of 
coagulated milk. The few samples of milk received were coagulated by adding 
5.5 ml. of 10-per cent lactie acid per 150 ml. of milk. The suspension then was 
filtered directly through filter paper, no filter bed being necessary. The clear 
whey filtrates thus obtained then were passed through Selas microporous, por- 
celain filters (porosity No. 03) to obtain cell-free filtrates. 

The cell-free filtrates were tested for the presence of a bacteriophage active 
against S. thermophilus as follows: Tubes containing 7 ml. of sterile litmus 
milk enriched with 0.5 per cent peptone and 10 per cent V-8 juice were inoculated 
with one drop each of a 24-hour culture of the test organism and the whey 
filtrate. Tubes inoculated with the organism only served as controls. The 
filtrates causing retarded acid development in the fortified litmus milk after 
ineubation for 16 to 20 hours at 36° C. were checked further to determine if 
plaque development could be demonstrated. The two-layer plate technique, as re- 
ported by Potter and Nelson (3), was followed; trypticase soy agar containing 
0.02 per cent L-cystine was used. The plates were incubated at 36 and 45° C. 
This plaque plating method also was used for purification. Single plaques 
were picked into sterile litmus milk enriched with 1 per cent nonfat dry milk 
solids and 10 per cent V-8 juice; 1 drop of a 24-hour culture of the host or- 
ganism was added and the tubes were held at 36° C. for 7 hours. Bottles 
containing 150 ml. of unfortified sterile skimmilk then were inoculated with 
1 per cent of the propagation from the test tube and 1 per cent of the same 
host organism. These propagation bottles were incubated for 16 to 18 hours 
at 36° C., after which the contents were coagulated with a 10-per cent lactic 
acid solution. A cell-free filtrate was prepared in the same manner as the or- 
iginal filtrates from the milk samples. 

The resistance of the isolated and purified bacteriophage strain to tempera- 
tures of 61.7 and 71.7° C. also was studied. Six-ounce, screw-capped bottles 
containing 99 ml. of sterile skimmilk were placed in a thermostatically con- 
trolled water bath maintained at the desired temperature +0.1°C. The 
bottles were placed so that the surface of the milk was well below the surface 
of the water in the bath. After the milk had reached temperature, 1 ml. of the 
bacteriophage filtrate was added, the contents of the bottle were mixed, and 
1 ml. of the heated mixture then was transferred to a 9-ml. water blank held 
in an ice bath. The time allowed for adding the filtrate, mixing, and with-— 
drawing the first sample was 10 seconds. The first sample withdrawn was 
considered as that obtained at zero time. Additional samples were taken at 
definite intervals from the bottle of milk held in the water bath. One milli- 
liter of the original filtrate also was added to 99 ml. of cool sterile skimmilk, 
and the number of phage particles per milliliter then was counted to determine 
the initial count before heating. It was possible, by this method, to determine 
the per cent destruction of bacteriophage particles in filtrate preparations held 
for short as well as relatively long periods of time at the temperatures used. 
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The destruction rates found were corroborated later by heating 1:10 dilutions 
in sterile skimmilk of freshly prepared filtrates in completely immersed sealed 
vials. In these later trials a 5-minute ‘‘come-up’’ period was allowed for the 
contents of the vials to reach the water bath temperature used. 


The count of the bacteriophage particles in all samples was determined by 
the plaque plate method. In preparing these plates, it was found that the ad- 
dition of 0.25 per cent yeast extract to the agar medium resulted in heavier 
growth of the host organism and more clearly defined plaques. 


The morphological characteristics of the purified 8. thermophilus bacterio- 
phage were studied by means of an R.C.A. type EMU electron microscope. 
Specimens were prepared from a bacteria-free whey filtrate that had a titer 
of 5 < 10° as follows: (a) Collodion membranes were prepared on the surface 
of water, stretched over 200-mesh wire screens and allowed to dry at room 
temperature for 4 hours. (b) One small drop of a 1:10 dilution of the bacteria- 
free filtrate was transferred to the collodion mount by means of a capillary 
pipette. (c) The drop was allowed to dry at room temperature overnight (16 
to 17 hours). (d) The mount then was washed by immersion in distilled water 
for 30 minutes. (e) The mount was allowed to dry for 5 to 6 hours and then 
shadowed with gold according to the procedure followed by Parmelee et al. (2). 


Four strains of S. thermophilus were used in attempting to detect and 
isolate the bacteriophage. Cultures MC and MC, were obtained from the central 
laboratory of the Ohio Swiss Cheese Association in Sugarereek, Ohio. Culture 
MC was isolated from Swiss cheese whey in Wisconsin in about 1930 (1). 
Culture MC, apparently is a reisolate made from MC in Ohio. Strains 1187 
and G came from R. E. Hardell of Monroe, Wis. Strain 1187 was received 
from Switzerland about 2 years ago and has been carried by Hardell since then. 
Strain G is of unknown history. Single colony isolates were made from all 
four strains and checked culturally and morphologically to be certain they 
were of the species indicated. 


RESULTS 


Several of the 81 filtrates inhibited slightly the growth of one or more of 
the S. thermophilus strains in fortified litmus milk; however, plaque formation 
was demonstrated with only one filtrate. This filtrate was from a sample of 
Swiss cheese whey from an Ohio cheese plant. Plaques were formed, using 
culture MC as the host, in 11 hours at 36° C. and in 6 hours at 45° C. An in- 
cubation temperature of 36° C. was preferred because of the condensation 
that formed in the plates incubated at 45° C. The number of phage particles 
in the original filtrate, determined by the plaque procedure, was 30 x 10’. 
When S. thermophilus culture MC,, 1187 or G was used as the host organism, 
no lysis occurred in litmus milk fortified with 0.5 per cent peptone and 10 per 
cent V-8 juice and no plaques were found. 

Only one of a total of 30 whey filtrates tested showed any evidence of 
bacteriophage activity against S. lactis or S. cremoris cultures. This filtrate 
inhibited S. cremoris H]-1 in litmus milk fortified with peptone and V-8 juice. 


188 DARRELL D. DEANE ET AL 


However, no plaques were obtained with the filtrate, using HI-1 as the host 
organism. This filtrate did not inhibit the S. thermophilus cultures used in 
this study. 

Temperature inactivation studies. Counts obtained after heating bacterio- 
phage preparations in screw-capped bottles and sealed vials to temperatures 
of 61.7 and 71.7° C. for varying lengths of time are shown in Figure 1. 
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Fig. 1. Counts of S. thermophilus bacteriophage after heating to 61.7 and 71.7° C. for 
various intervals. 
(*Initial count 330 x 10°/ml. All other initial counts in range from 15 to 38 x 10°/ml.) 


The decrease in bacteriophage count in the bottle at the end of the 10-second 
*‘eome-up’’ period allowed to reach 61.7° C. (zero time) was approximately 
40 per cent; after this temperature was reached, however, the subsequent de- 
crease in count was at a much slower rate. After 30 minutes holding at this 
temperature the count had dropped 99.50 per cent; after 60 minutes it had 
dropped 99.98 per cent. The destruction rate was somewhat more rapid when 
the filtrate was heated in sealed vials. In these trials the particle count de- 
creased by 99.96 per cent after 30 minutes and 99.99 per cent after 60 minutes 
of holding. 

When the heating temperature was raised to 71.7° C., resistance of the bac- 
teriophage particles was greatly reduced. At this temperature over 99.9 per 
cent of the particles in all three preparations heated in bottles were inactivated 
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during the 10-second ‘‘come-up’’ period allowed. During the following periods 
of heating, however, the decrease was at a slower rate, as was found at 61.7° C. 
Approximately 2 minutes beyond zero time were required to reduce the count 
99.99 per cent. The count again dropped slightly more rapidly at 71.7° C. when 
the filtrate was sealed in vials. Small numbers of active particles were found 
after 60 to 64 minutes of heating at 71.7° C. in both the vials and serew-capped 
bottles. 

The apparent higher survival rate of the particles heated in the serew- 
capped bottles, as compared to those heated in sealed vials, might be explained 
by the incomplete heating of particles above the liquid level. Despite these 
slight differences, the results of heating in bottles and in vials were very closely 
parallel. 

A strain propagated from a plaque produced by a particle not inactivated 
by 2 hours at 61.7° C. showed no unusual survival at 71.7° C., indicating no 
selection for resistance had occurred. 

Morphology of the bacteriophage. Typical electron micrographs are shown 
in Figure 2. The heads of the several particles observed in these and other 


Fig. 2. Electron micrographs of bacteriophage active against Streptococcus thermophilus 
MC. (The bar is 1 u long) 


preparations were fairly uniform in size and measured 90 to 95 my in diameter. 
The tails were less uniform, their length ranging from 225 to 275 mp. Sometimes 
the tails were slightly crooked, curled, or tangled. The majority of the particles 
measured had a head diameter of 90 my and an overall length of 360 mp. These 
measurements are greater than those of 70 and 220 mz, for the head diameter 
and total length, respectively, of S. lactis bacteriophage, as reported by Parmelee 
et al. (2). However, the type d, S. lactis bacteriophage as deseribed by Wil- 
liamson and Bertand (5), has a head diameter of 70 to 80 mp» and an overall 
length of 630 to 690 mz. 


DISCUSSION 


This strain of bacteriophage shows not only species specificity in not at- 
tacking any of the lactic streptococcus (S. lactis and S. cremoris) test strains 
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employed, but also specificity in attacking only one of the four test strains of 
S. thermophilus. The diversity of background of these four strains was suf- 
ficiently great that some differences in characteristics might be expected, al- 
though all were shown by the usual laboratory tests to be quite typical strains 
of 8S. thermophilus. This is similar to the specificity that has been observed by 
numerous workers studying the bacteriophage active against the lactic strepto- 
eoeci. This specificity of the S. thermophilus has been employed to advantage 
by substituting another strain of S. thermophilus for the sensitive strain in 
some of the Swiss cheese plants experiencing difficulty with daily decrease in 
acid development in whey cultures of S. thermophilus; the results of such sub- 
stitution have been an immediate return to normal production of acid in the 
whey starter. However, there is the possibility of ‘‘adaptation’’ of the old 
bacteriophage to a previously non-sensitive strain, as has occurred with other 
bacteriophage types. 

The bacteriophage found active against S. thermophilus possessed no un- 
usual heat resistance, being inactivated at much the same exposures as have 
been found to inactivate the moderately resistant strains active against lactic 
streptococci (4). Although 99.5 to 99.96 per cent of the bacteriophage particles 
were inactivated by holding at 61.7° C. for 39 minutes, pasteurization of the 
milk for cheesemaking can not be considered adequate protection against this 
bacteriophage. Large numbers of particles usually are present whenever a 
culture has been lysed to free bacteriophage particles. Only one particle in a 
large quantity of milk inoculated with a sensitive organism eventually may in- 
erease to a population level which will cause complete cessation of acid develop- 
ment following mass lysis. These two facts together mean that unless the treat- 
ment used will give essentially complete inactivation of the numerous active 
bacteriophage particles which may be present, bacteriophage probably will 
survive in the milk and lyse a culture of sensitive type. The level of heat re- 
sistance of the bacteriophage indicates that heat treatments must be very 
thorough if bacteriophage particles on equipment are to be inactivated by 
heating procedures. 


SUMMARY 


A description is presented of a bacteriophage capable of lysing a strain of 
S. thermophilus used in the manufacture of Swiss cheese. The bacteriophage 
was not completely destroyed by the usual pasteurization conditions. Typical 
sperm-shaped particles had a head diameter of 90 my and an overall length of 
360 mp. This bacteriophage was quite specific and lysed but one of four test 
strains of S. thermophilus. It did not lyse any of the cultures of S. lactis or S. 
cremoris tested. 
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A CORRECTION 


H. D. EATON 


Animal Industries Department, Storrs Agricultural Experiment Station, 
University of Connecticut, Storrs 


In two papers appearing in Volume 35 of this Journal on calf feeding ex- 
periments with various alfalfa hays, the carotene concentration of the various 
alfalfa hays and grain mixtures fed was incorrectly expressed as one-half of the 
actual concentration. This error necessitated the following changes: 


I. Field-eured and Field-baled Alfalfa Hay Versus Artificially-dried and 
Chopped and Pelleted Alfalfa Hays as a Source of Carotene and Roughage for 
Guernsey and Holstein Calves. Eaton, H. D., Douge, K. L., Mocurre, R. D., 
Avampamto, J. E. and Moors, L. A. Vol. 35, p. 98-105. Feb., 1952. 

(1) In Table 1, page 99, the carotene concentration, mg. /lb., of the various 
feeds, with the exception of that for milk, should be twice that of the reported 
values. 

(2) In Table 2, page 100, the total carotene, mg., intake should be as follows: 


Field-cured and Artificially-dried Artificially-dried 
field-baled and chopped and pelleted 
alfalfa hay alfalfa hay alfalfa hay 

Guernseys 1511 + 250 6452 + 1234 5938 + 388 
Holsteins 1688 = 199 8652 + 1011 9471 + 1470 


(3) In Figure 1 the vitamin A intake per lb. body weight should appear as 


below : 
VITAMIN A INTAKE 


2 PER LB. BODYWEIGHT 
> 
609) ry 

/ 
a: 
200 300 
> 

21 35 49 63 77 9 105 


DAYS OF AGE 


(4) On page 102, first paragraph, last sentence should read ‘‘In contrast 
those calves fed the field-baled alfalfa hay did not receive sufficient carotene, 
according to the National Research Council’s standard during the fifth and 
sixth week of age.”’ 

(5) In Table 4, the mean carotene intake per lb. av. body weight should be 
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corrected for the field-baled and field-cured alfalfa hay to 129 + 15 and 112 + 7, 
for the artificially-dried and chopped 560 + 71 and 542 + 43 and for the arti- 
ficially-dried and pelleted 517 + 32 and 565 + 51 respectively for the Guernsey 
calves and Holstein calves. 

(6) On page 103, second paragraph, the recalculated equations for depletion 
time were y = 3.34 + .0091x for Guernseys and y = 5.93 + .0056x for Holsteins. 


Il. Effeet of Feeding Various Percentages of Artificially Dehydrated Alfalfa 
Meal on Growth and Carotene Intake of Dairy Calves. Donan, K. L., Eaton, 
H. D., Avampato, J. E., Mocnrirz, R. D., Exuiorr, F. I. and Breau, G., Vol. 35 
p. 424-435. May, 1952. 

(1) In Table 1, page 425, the carotene concentration, mg./lb., last row in the 
table, should be twice that of the reported values. 

(2) In Table 2, fifth row, on page 426, the mean daily intake of y carotene / 
mean Ib. live weight should be corrected to 183 + 10 for the standard ration, 
260 + 24 for the 25% alfalfa, 465 + 29 for the 50% alfalfa, and 695 + 76 for 
the 75% alfalfa; to 388 + 66 for the Guernsey calves and 388 + 59 for the 
Holsteins and to 386 + 61 for the females and 389 + 63 for the males. 

(3) On page 431 beginning with the first line the following correction is 
necessary : ‘‘ During 3.0 per cent * of the total calf weeks for those calves receiv- 
ing the standard ration, the daily intake of carotene was less than 60y* per 
mean pound of body weight. Similar data for the 25, 50 and 75 per cent alfalfa 
rations were 5.4, 1.8 and 0 per cent, respectively. The periods during which the 
calves received less than 60y carotene per mean pound of body weight were for 
the standard ration and the 25% alfalfa ration between 7 and 14 days of age, 
and for the 50 per cent alfalfa ration between 7 and 21 days of age.’’ 

(4) On page 433, third paragraph in the SUMMARY, third sentence should 
be corrected as follows: ‘‘Caleulation of the daily intake of carotene per mean 
pound of body weight by weeks showed that during 3.0 per cent of the total 
ealf weeks for those calves fed the standard ration, the carotene intake was less 
than 60y per mean pound of body weight. Similar values for the calves receiv- 
ing the 25, 50 and 75 per cent alfalfa rations were 5.4, 1.8 and 0.”’ 
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Economist Predicts Changes In 
Consumption of Dairy Products 
At a recent conference for dairy store oper- 
ators held at the University of Lllinois, R. W. 
Bart.Lett, professor of agricultural economics 
at the University, predicted that by 1960 the 
total milk utilization will be 9.2 per cent greater 
than it was in 1950. This represents increases 
of 34 per cent for fluid milk and cream, 45 per 
cent for cheese, and 117 per cent for dried 
whole milk. However, these milk utilization 
gains, according to Bartlett, will be partially 
offset by reductions of 38 per cent in butter, 16 
per cent in evaporated and condensed milk, and 
30 per cent in ice cream. On a per capita basis 
the predicted consumption of the various prod- 
ucts in 1960 as compared with 1950 is as 
follows : 


1950 1960 
( Est.) 
(1b.) (lb.) 
Fluid milk and cream...................385.0 462.0 
10.7 6.0 
Cheese 10.0 
Evaporated and condensed........... 20.0 15.0 
16.1 10.0 
Dried whole milk..................c..0000 0.28 0.56 
6.10 13.0 
millions millions 


If this prediction of things to come is only 
80 per cent correct, those engaged in the butter, 
evaporated and condensed milk, and ice cream 
industries will need to make some adjustments 
in their operations. Diversification or the addi- 
tion of new products in the food field undoubt- 
edly will be resorted to in many cases. 


Court Action Favors Substitute Product 


Jupge W. Vickers of the Superior Court of 
California in the county of Los Angeles, re- 
cently rendered a decision in favor of the Rich 
Products of California, Inc., plaintiff, vs. A. A. 
Brock, director of Agriculture of the state of 
California. It was the judge’s opinion as stated 
at the trial that the product offered for sale by 
the Rich Co. serves a purpose that whip-cream 
topping cannot serve and that a requirement of 
“imitation milk” set forth on the label might 
seriously damage the plaintiff’s business. The 
judge further stated that he did not believe that 
a purchaser of the product would be confused 
into believing that she was purchasing a whip- 
cream topping or a milk product topping. 

Thus is seored another victory for vegetable 
solids in their attempt to gain consumer accept- 
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ance at the expense of milk products. In an 
era in which the consumer is calorie-conscious 
and convenience and economy-minded, it may 
be necessary for the dairy industry to give 
serious thought to finding means whereby its 
products can compete more favorably with the 
cheaper substitute items. Judge Vickers’ deci- 
sion is indicative of the publie’s attitude to- 
wards protection of one food product against 
the competition of another by the passing of 
laws or the envoking of rulings by regulatory 
officials. No doubt, public opinion will support 
the tact that we are entitled to legal restrictions 
designed to protect our industry from fraudu- 
lent competition. However, we should not ex- 
pect regulatory groups to prevent the sale of 
substitute products merely because they enjoy 
a more favorable price position, and thereby 
jeopardize the security of our industry. There 
is no simple answer to this problem, but cer- 
tainly it deserves careful and immediate study 
on the part of both our educational and indus- 
trial leaders. An accelerated program of live- 
stock improvement, better production and proc- 
essing techniques, revision of our present com- 
position standards, and better merchandising 
and publie relations programs—all designed to 
increase consumer aeceptance of milk and its 
products—are phases of the problem that might 
be considered. 


Study Made of Scientific Journal Problems 


The National Science Foundation of Wash- 
ington, D. C., has prepared a 9-page report of 
a survey made of the operations and finances 
of scientific journals. An increasing volume of 
scientific material to be published and rising 
publishing costs have come to be a matter of 
concern to all publications of this type. 

Some of the interesting points brought out in 
this survey are: 

1. Cireulation of scientific journals depends 
largely upon membership support. 

2. Approximately 70 per cent of all papers 
submitted to editors are accepted for publi- 
cation. 

3. The average backlog of accepted but unpub- 
lished articles was 5.3 months for journals 
publishing 500 pages or less per year and 
1.9 months for journals publishing over 2000 
pages per year. 

4. The average overall publishing cost per page 
was $10.40 for research material and $37.00 
for reviews, news notes, editorials, and the 


like. 
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. Suggested sources of additional income in- 
cluded (a) more advertising, (b) private 
foundations, (¢) higher subseription rates, 
(d)higher reprint rates, (e) a page charge 
to be paid by the author or institution sup- 
porting the research, (f) consolidation of re- 
lated journals, (g) better promotions, (h) 
shorter articles, and (i) government support. 


Several of the editors included in the survey 
“called attention to the large number of articles 
that are badly written, repetitious, over-long, 
and in which the presentation of scientific ma- 
terial was confused, even where reported results 
and techniques appear to be sound. This ere- 
ates enormous editorial problems and inevitably 
contributes to the cost and delay in publica- 
tion.” 

The report states in conclusion that “Two 
important factors stood out in the case of sue- 
cessful journals: (1) backing of a strong soci- 
ety with a high proportion of member sub- 
seribers, (2) employment of full-time staff 
having editorial, publishing, cand management 
experience.” 


Dairy Industry Is Facing Five-Day 
Work Week 


To those of us who served our apprentice- 
ships in the World War I era the possibility of 
a 5-day work week in the dairy industry seems 
almost fantastic. Yet there is some evidence of 
a definite trend in that direction today. Many 
city offices of business and professional people 
and most non-food factories are now closed Sat- 
urdays and Sundays. Beginning January 1, the 
University of Illinois put into operation a pol- 
icy of closing all departmental offices on Satur- 
day. Several other universities and colleges are 
doing likewise. 

Some ice cream and milk plants operate on 
5-day schedules. Night and Sunday closing is 
being proposed by the organized workers of 
some super markets. Dairy farm workers usu- 
ally are not unionized, but there is no question 
but that shorter work periods and more attrac- 
tive working conditions will have to be provided 
in order to attract a sufficient number of com- 
petent helpers. 

General adoption of 40 hours or less as a full 
work week in the dairy industry without reduc- 
tion in wages will result in higher priced milk 
to the consumer unless management finds ways 
and means for labor to produce more in a 
shorter period of time. This places even greater 
responsibility upon those of us connected with 
research and educational activities. We must 
continue to strive for the adoption of more effi- 
cient methods of producing milk as well as less 
costly methods for giving milk its necessary 
form and place utility. Likewise we must en- 
deavor to increase the skill of the young men 
we prepare for future leadership in the dairy 
industry. These embryo managers need to be 


trained not only in scientific dairy farming and 
the technology of dairy processing but also in 
the basic principles involved in the care and 
operation of machines and the scientific man- 
agement of workers. In an economy of free 
competition unsupported by government sub- 
sidy only the efficient will survive. Establish- 
ment of a 5-day work week in the dairy indus- 
try will force us to adopt operating methods 
that will make it possible for workers to pro- 
duce more units per man hour. 


Research Both an Aid and a Threat to 
Agriculture 


Through research much has been done to im- 
prove the efficiency of agriculture and the qual- 
ity of its products. At the same time that 
research has brought about new uses for farm 
products it has developed synthetic substitutes 
that are competing with farm products. Nylon 
is replacing silk, plastics are replacing casein, 
synthetic leather is being used where leather 
made from hides was once deemed necessary, 
and synthetic detergents now threaten the mar- 
ket for low-grade fats and vegetable oils for- 
merly used in soap making. Artificial vanilla is 
commonly used in place of the extract of the 
vanilla bean, and now the chemist is hunting 
for cheaper substitutes for milk solids. Does 
this trend constitute a threat to the dairy in- 
dustry and agriculture in general? If so, what 
should be done to make our industry more 
secure ? 


That some of our farm leaders are approach- 
ing the problem in a realistic manner is indi- 
cated by an editorial in a recent issue of “Ree- 
ord,’ the Illinois Farm Bureau magazine, 
written by CHARLES B. SHuMAN, president of 
the Illinois Agricultural Association. Mr. Shu- 
man asks two pointed questions, which he pro- 
ceeds to answer: 


“How can we farmers best cope with these 
threats of competition and substitution and 
retain our customers both at home and abroad? 
Can we continue to limit competition by erect- 
ing a legal structure of tariffs and prohibitions 
against substitution? Common sense tells us 
that in a world so small and with population 
pressures so great, we cannot long depend en- 
tirely upon tariffs and laws. 


“Certainly we should and will continue to 
ask for tariff protection against slave labor. 
We will, of course, insist upon proper identi- 
fication of substitutes and synthetics. However, 
we must recognize that consumers far outnum- 
ber producers and legislation unduly restricting 
competition will be eliminated. Subsidies, both 
direct and indirect, which tend to protect inef- 
ficient farmers will and should be abolished. 
American agriculture can meet competition by 
continued modernization and adjustment to 
changing demands. 
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“We can hold and even increase our sales to 
our 150 million eustomers. But we can do it 
only if we are willing to constantly work to- 
ward improved quality, more efficient produc- 
tion, lower costs of distribution and an effective 
public relations program to aid in retaining 
the good will of the consumers.” 

If the remedial measures proposed by Mr. 
Shuman are to be carried out effectively, im- 
portant contributions must be made by teachers, 
research workers, and industrial leaders in our 
entire industry. 


Staff Changes at V.P.I. , 


| 

Dr. G. C. Grar was appointed head ‘of the 
Dairy Department, Virginia Polytechnic Insti- 
tute, to sueceed Professor C. W. Holdaway, 
who retired on October 1, 1952. Prior to join- 
ing the V. P. I. staff in 1945, Dr. Graf was at 
the University of Connecticut for ten years. He 
received his B.S. degree from Michigan State 
College. and his M.S. and Ph.D. degrees from 
the University of Minnesota. 

Proressor M. F. ELLMoRE became a member 
of the V.P.I. dairy staff in November, 1952. 
His duties as Associate Extension Dairyman 
will deal with the feeding, testing, and herd 
management projects of the dairy extension 
service. Before coming to Blacksburg he was 
on the University of Maryland staff. He re- 
ceived his B.S. and M.S. degrees from the Uni- 
versity of Maryland. 


Southern Section of A.D.S.A. Meets at 
New Orleans 


The annual meeting of the Southern Section, 
A.D.S.A., was held in conjunction with the 
Association of Southern Agricultural Workers’ 
convention in New Orleans, February 9, 10, 
and 11. Thirty-two papers on dairy produe- 
tion, manufacturing, and extension topics plus 
a symposium on pasture irrigation were pre- 
sented. The dairy section met with agronomy 
and animal husbandry groups in a joint session 
for a special half-day program of papers on 
subjects of common interest. 

In a keynote address to the dairy assembly, 
Proressor H. B. HenpERSON, president of the 
A.D.S.A., discussed the importance of science 
and industry to progress. The Southern Sec- 
tion is sponsoring a drive for membership in 
the national association and for a large attend- 
ance at the national meeting in Madison, Wis- 
eonsin, June 22-24. 

Officers for 1952-53 are: 

President—W. M. Roberts, Raleigh, N. C. 

Vice President—Lynn Copeland, Knoxville, 
Tenn. 

Seeretary—Sidney P. Marshall, Gainesville, 
Fla. 
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News from the Nation’s Capital 


The Dairy Advisory Committee, composed of 
eleven men representing various branches of 
the dairy industry, selected by the Secretary 
of Agriculture to advise the Agricultural Re- 
search Administration on dairy research, held 
its annual meeting at Berkeley, Calif., January 
26-30, 1953. Dr. Paut F. SuHarp, director of 
the University of California Experiment Sta- 
tion, is chairman of the committee. 

Agricultural Research is the title of a new 
monthly magazine published by the Agricul- 
tural Research Administration, U.S.D.A. The 
first issue appeared in January, 1953. The pur- 
pose of the magazine is to report in a popular 
vein the findings of agricultural research, to 
publicize the value of research, and to gain 
public support for agricultural research. 


Dr. J. M. Sherman Seriously Ill 


On December 26, Dr. J. M. SHERMAN, head 
of the Department of Dairy Industry at Cor- 
nell University, suffered a broken hip and has 
been in the Tomkins County Memorial Hospital 
since that time. On January 22, PRoFEssOR 
HoLLanpD reported that Dr. Sherman was seri- 
ously ill and would not be back at his desk for 
some weeks. 


Stoddard Goes to Utah 


Dr. GEORGE Stopparp has become a member 
of the Dairy Industry Department at Utah 
State Agricultural College, Logan. Dr. Stod- 
dard previously served on the staff at Iowa 
State College. 


Changes at Tennessee 


W. F. Moss, district Dairy Extension Spe- 
cialist of the University of Tennessee, has been 
granted leave to act as Assistant Commissioner 
of Agriculture for the State of Tennessee. J. B. 
PerersoN, district Dairy Extension Specialist, 
resigned February 15 to join the American 
Breeders Service. 


Maine to Give Course in Herd 
Management 

On April 1, the University of Maine will con- 
duct a herd management meeting. Speakers 
will include RicHarp DopGe of the University 
of Vermont, S. E. Smrrx of Cornell University, 
and Hersert Ewe. of the Pennsylvania Salt 
Company. 

On April 2, the Maine Livestock Breeders’ 
Association will meet. CHESTER PUTNEY, See- 
retary of the Ayrshire Breeders’ Association, 
and R. F. Exuxiorr of Lederle Laboratories will 
speak. These meetings are under the supervi- 
sion of H. C. Dickey, Head of the Department 
of Animal Industry. 
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New Animal Industries Building at 
Montana 


Dr. JoHN NELSON, dean of the Graduate Di- 
vision at Montana State College, reports that 
construction has begun on their new Animal 
Industries Building. The new structure will 
house the departments of Dairy and Animal In- 
dustry. The new quarters for Dairy Industry 
will contain separate processing -rooms for 
milk, butter, cheese, ice cream cultures, testing 
and research laboratories, and cheese curing 
facilities. New processing and. refrigeration 
equipment is to be installed. 


Mickle Appointed to Oklahoma Staff 


Mr. JAMES MicKLE became Assistant Pro- 
fessor of Dairy Manufacturing at Oklahoma A. 
and M. College, February 1. Professor Mickle 
is a graduate of the University of Nebraska 
and expects to receive a Ph.D. degree at Michi- 
gan State College in June. He replaces Dr. 
A. C. Smiru, who resigned September 1, 1952, 
to accept a position at the University of Con- 
necticut. 


Mississippi Holds Short Course 
March 11-13 


Guest speakers at the Mississippi State Col- 
lege short course in Dairy Manufactures to be 
held March 11-13 inelude O. E. Ross, National 
Pectin Products Co., Dr. WiLLaRD Corbett of 
the Dean Milk Co. of Chicago, and N. C. ANGE- 
VINE of the Meyer-Blanke Co., St. Louis. 


New Products Made with Vegetable Fat 


“Shur-Whip,” a vegetable fat topping for 
the baking industry, to be used wherever whip- 
ping cream, fillings, and frostings are now uti- 
lized, has been sold in the Washington market 
for over a year and is now being put on the 
national market by the Shur-Whip Co. 


“Reddi-Spread,” a blend of margarine and 
butter developed by the Reddi-Spread Corp. of 
Philadelphia, was placed on sale at Dayton 
and Springfield, Ohio, January 29. The prod- 
uct is manufactured by Beatrice Foods Co. It 
is priced at 55 cents per pound. It is claimed 
that the product has good keeping qualities, 
will spread at ice box temperatures, and will 
not run at high room temperatures. 


Borden Creates New Division 


On January 1, the Fluid Milk and Ice Cream 
Divisions of the Borden Co., New York City, 
were consolidated. Roy D. Wooster is the vice- 
president in charge of the new division. Mr. 
Wooster has been with the Borden Co. since 
1929. 


Merger Blocked by Courts 


A merger of the Whiting Milk Co. with 
Hood & Sons, Boston, has been stopped by a 
decree entered in federal court. The govern- 
ment action is based on the assumption that the 
merger, together with a proposal of the Hood 
Co. to take over two other dairies, would give 
the new corporation approximately 54 per cent 
of the market in the greater Boston milk mar- 
keting area. The judgment also requires can- 
cellation of all existing agreements which pro- 
hibit dealers, whose operations Hood had pre- 
viously purchased, from re-entering the milk 
business. The company also is required to di- 
vest itself of certain country milk stations 
which it operates in Vermont and Maine. 


Wisconsin Dairyman Proposes Changing 
Fat Standard for Butter 


In a talk given at the Stevens Point, Wiscon- 
sin, Rotary Club, W. O. Perpug, general man- 
ager of the Pure Milk Products Cooperative, 
recently proposed that the legal standard for 
milk fat in butter be lowered in order to meet 
the competition of “substitute” products. He 
also advocated a new pricing method whereby 
more weight is attached to the value of the non- 
fat solids in milk, thus raising the cost of these 
solids to processors using them in manufactur- 
ing items competitive with dairy products. 


Happenings at Washington State 


The 22nd annual Institute of Dairying spon- 
sored by the Department of Dairy Science, 
State College of Washington, will be held on 
the college campus March 9-12. Among the out 
of state guest speakers will be Proressor W. H. 
Martin, Kansas State College; Dr. Paun R. 
ELLIKer, Oregon State College; PRoFEssoR 
E. D. McGuasson and Dr. H. C. Hansen, Uni- 
versity of Idaho; Dr. Junius M. McIntiRrg, 
Quartermaster Food ana Container Institute, 
Chicago; Mr. GrorGe YounG, Borden Com- 
pany, San Francisco; Mr. Harotp SHEFFIELD, 
Cherry Burrell Corporation, San Francisco; 
and Mr. R. H. Cronsuey, Challenge Cream 
and Butter Association, Los Angeles. Dr. H. A. 
BENDIXEN is in general charge of the Institute 
of Dairying. 

Dr. H. A. Benprxen of the Department of 
Dairy Science will be a guest speaker at the 
Utah Dairy Manufacturing Short Course to be 
held at the Utah State College during the first 
week of March. 
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Dr. R. E. Erp of the Department of Dairy 
Science attended the Records Committee Meet- 
ing of the Extension Section of the A.S.D.A. 
in Chicago, January 12-13; on January 14, the 
Breeds Relation Committee of which he is 
ehairman, and on January 15, 16, and 17 in 
Cleveland, the annual meeting of the Purebred 
Dairy Cattle Association, where he served as 
a member of the Committee of Production 
Testing. 


Thomsen Speaks to Arizona Group 


Proressor L. C. THOMSEN of the University 
of Wisconsin was one of the principal speakers 
at the Arizona Dairy Industry Conference held 
at the state University in Tucson, February 12 
and 13. <A joint meeting with the Arizona 
Dairy Technology Society was held the evening 
of February 12. Professor Thomsen discussed 
operating ratios, water treatment, fat losses, 
and methods for estimating the value of skim- 
milk. Proressor R. N. Davis, head of the Ari- 
zona Dairy Department, related the history of 
the Arizona dairy industry since 1920. 


Minnesota Dairy Scientist Dies 


MarsHauu C. Hervey, one of the University 
of Minnesota’s most brilliant young scientists, 
passed away January 25 at the age of thirty- 
nine. Dr. Hervey was a national leader in re- 
search with identical twin and triplet dairy 
animals and was in charge of dairy cattle 
breeding work for the University of Minnesota, 
having joined the staff in 1949. 

Dr. Hervey received his bachelor’s, master’s, 
and doctor’s degrees from Ohio State Univer- 
sity. He served on the staff of the University 
of Tennessee from 1937 to 1942 and again from 
1946 to 1949. From 1942 to 1946 he was an 
officer in the Navy, serving in the Philippine 
area. Dr. Hervey is survived by his wife and 
three children. 
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What of the Future? 
A guest editorial 


Is dairy farming on the way out? Will dairy 
produets, which for centuries have been recog- 
nized as foremost among man’s life-giving 
foods, be replaced by substitutes? 

Recent advocacy of the maintenance of crop 
productivity by the “no muss, no fuss” method 
(heavy applications of chemical fertilizers), 
and the increased sub- 
stitution of vegetable 
oils for milkfat should 
cause every person who 
is concerned with any 
phase of the dairy in- 
dustry — production, 
processing, distribution, 
teaching, or research— 
to pause and ponder. 
Will the industry make 
the necessary adjust- 
ments to supply dairy 
products efficiently or 
will it fail to recognize 


the need for some 
W. B. Nevens changes and lose its 
customers ? 


Doubtless many of the causes for the present 
situation lie within the dairy industry itself. 
Uneconomical methods of production, poor- 
quality products, inefficient distribution, and 
failure of research and extension teaching to 
solve these problems all contribute to the pres- 
ent dilemma. An intensive educational program 
for all phases of the industry and for the con- 
sumer is imperative. A sound educational pro- 
gram, however, can be built only on sound 
research. Far too little research is being done 
on dairy problems and on the influence on agri- 
culture and society of substitution of plant 
products for animal products. The dairy in- 
dustry itself must be a leader in and contribute 
generously to this research program. 


By W. B. Nevens 


Professor of Dairy Cattle Feeding 
University of Illinois, Urbana 
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International Association of Ice Cream Manufacturers 
and the Milk Industry Foundation 


ANIMAL DISEASES 
W. D. POUNDEN, SECTION EDITOR 


103. The activity of Streptococcus agalactiae 
in milk possibly influenced by the ration. W.D. 
PounpEN, J. W. Hisss, and B. H. Eperneton, 
Ohio Agr. Expt. Sta., Wooster. Am. J. Vet. Re- 
search, 13, 49: 486-490. Oct., 1952. 

A method of determining adaptability of 
quarter milk samples for the growth of S. aga- 
lactiae was developed. Quarter samples were 
drawn aseptically and duplicate Hotis tests set 
up for 24 hr. at 37° C. One of the tests was 
inoculated with a fresh culture of S. agalactiae 
before incubation. The incubated inoculated 
tubes were titrated with N/10 NaOH to match 
the color of the duplicate tube for each quarter. 
The amount of NaOH required was taken as an 
index of the suitability of the milk to S. aga- 
lactiae growth. Two groups of 8 cows each 
were tested at weekly intervals. One group was 
fed good quality alfalfa hay and meadow crop 
silage with little grain. The other group re- 
ceived poor quality grass hay and heavy grain 
feed. After 8 wk., in which little group dif- 
ference occurred, the high grain-fed group ex- 
hibited persistently higher milk susceptibility 
to mastitis than the others. There were also 7 
eases of detectable mastitis in the former group 
and only 2 in the latter during the 17-wk. 
observation period. The possibility is suggested 
that abundant good quality roughage may im- 
prove the health and disease resistance of the 
cows. E. W. Swanson 


104. Variations in the resistance of milk to 
the activity of Streptococcus agalactiae. W. 
D. PounpEN, Ohio Agr. Expt. Sta., Wooster. 
Am. J. Vet. Research, 13, 49: 491-499. Oct., 
1952. 

There was no appreciable difference between 
the resistance to S. agalactiae of milk samples 
collected weekly over a period of 11 months 
from cows fed alfaifa hay and grain and those 
fed timothy hay and grain, based on the aver- 
age quantity of 0.1N NaOH solution required 
to neutralize the acid formed in 10-ml. samples 
inoculated with this organism and incubated 
for 24 hr. The majority of 9 first calf Holstein- 
Friesian heifers produced milk of greater re- 


sistance during earlier months of their lacta- 
tions and also greater than the milk of older 
animals of the same breed. Five Guernsey- 
Jersey cows in their second or third lactations 
produced milk that was more resistant than 
that of animals in the other breed. Marked and 
sudden reduction of resistance of their milk 
to this organism oceurred in a few animals 
when they reached the end of their lactations. 
Symptoms of mastitis were manifested by 3 
of the Holstein-Friesian heifers and some of 
the other previously healthy animals at times 
when the resistance factors in their milk sam- 
ples for S. agalactiae were low, but this infee- 
tion was not involved. Micrococei were most 
frequently associated with active cases of mas- 
titis in animals that were not infected with 
streptococci. W. D. Pounden 


105. The activity of Streptococcus agalactiae 
in milk possibly influenced by the ration. W. 
D. Pounpen, J. W. Hipss, and B. H. Epeine- 
ton, Ohio Agr. Expt. Sta., Wooster. Am. J. 
Vet. Research, 13, 49: 486-490. Oct., 1952.. 


Weekly collected milk samples from 2 groups 
of 8 cows each were inoculated with S. agalac- 
tiae, and after 24 hr. incubation the acid pro- 
duced was estimated by titrating with 0.1N 
sodium hydroxide. Beginning with the test 
conducted in the 9th week and continuing for 
the 7 remaining weeks of the experiment, sam- 
ples from one group which received poor qual- 
ity timothy hay and relatively large quantities 
of grain required on the average approximately 
one-third more sodium hydroxide to neutralize 
the acid formed than those from the group that 
were fed alfalfa hay, meadow crop silage, and 
less grain. The procedure was considered as 
possibly offering a measure of the resistance 
of milk to the activity of S. agalactiae and 
possibly of cows to mastitis caused by this in- 
fection. Evidence of mastitis was manifested 
by 7 quarters on 5 cows in the group fed the 
less desirable ration and by 2 quarters on 2 
cows in the other group. W. D. Pounden 


106. Comparative tests of the protective value 
of Huddleson’s Mucoid and Strain 19 vaccines 
in cattle. II. B. H. Enaineron, N. B. Kina, 
and Norma Frank, Ohio Agr. Expt. Sta., 
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Wooster. Am. J. Vet. Research, 13, 49: 441- 
445. Oct., 1952. 

Huddleson M and B. A. I. Strain 19 vaccines 
were administered to young heifers that were 
later exposed to virulent Br. abortus organisms 
and these animals were compared with controls. 
On examination of specimen material collected 
from each heifer or her aborted fetus at or near 
the time of calving, Br. abortus cultures were 
obtained from 5 of 6 nonvaccinated controls, 3 
of 6 M vaccinated animals, and 1 of 5 Strain 
19 vaccinated animals. W. D. Pounden 


107. Response of cattle to Brucella following 
sexual stimulation and Brucella exposure dur- 
ing early calfhood. F. V. Wasrxo, C. R. Don- 
HAM, and A. Hermmuicn, Purdue Univ. Agr. 
Expt. Sta., Lafayette, Ind. Am. J. Vet. Re- 
search, 13, 49: 437-440. Oct., 1952. 

In order to determine the effect of sexual 
development upon resistance or susceptibility 
to brucellosis, 2 groups of + calves each were 
injected with gonad stimulating hormones and 
estrogen at about 1 mo. of age. After about 
2 mo. treatment these and a group of untreated 
ealves of the same age were inoculated with 
virulent Br. abortus organisms. All of the 
sexually stimulated calves developed high blood 
agglutinin titers which receded after 6 mo., but 
no reaction oceurred in the controls. This indi- 
eated that sexual development reduced the re- 
sistance to Br. abortus. The calves then were 
bred, and after pregnancy was established they 
were exposed twice at weekly intervals to Br. 
abortus per the conjunctiva. High blood titers 
were produced this time in only 2 of the control 
heifers and 1 of the estrogen treated heifers. 
Abortions and positive detection of Br. abortus 
occurred in all groups, with the control group 
having the largest proportion of positive ani- 
mals. The prepubertal infection in the sexually 
stimulated calves may have caused some reduc- 
tion in the abortion rate. E. W. Swanson 


108. The role of the milking process in the 
intraherd transmission of Q fever among dairy 
cattle. H. G. Sromenner and D. B. Lackman, 
Publ. Health Serv., Rocky Mt. Lab., Hamilton, 
Mont. Am. J. Vet. Research, 13 (48): 458- 
465. Oct., 1952. 

Since Q fever (C. burnetii infection) had 
been found primarily in the udders of cattle, 
the mode of transmission was presumed to be 
via the teat. Experiments had shown that mas- 
sive inoculations of C. burnetii into the mam- 
mary gland resulted in an established infection. 
Further experiments were conducted with 5 
cows to determine whether bathing the teats 
in infected milk before and after the milking 
process could induce infection. In no ease could 
C. burnetii be isolated from aseptically collected 
milk from these cows treated over an 8-mo. 
period. Two of the 5 cows then were exposed 
to a mixture of C. burnetii and S. agalactiae in 
the same manner. In each case the latter estab- 
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lished an infection, with no evidence of the 
tormer. Since these cows remained refractive 
to infection with Q fever rickettsias but were 
easily infected with streptococci via the teat, 
it was concluded that this means of transmis- 
sion is not the natural one among cattle. 

E. W. Swanson 


109. Reservoirs of infection of Micrococcus 
pyogenes in bovine mastitis. G. R. SPENCER 
and J. LasmMAnis, Wash. Agr. Expt. Sta., Pull- 
man. Am. J. Vet. Research, 13, 49: 500-503. 
Oet., 1952. 

An investigation was made in a herd that was 
free of Streptococcus agalactiae but still had 
mastitis and micrococeus infection, to determine 
the most important sources of the latter infec- 
tion. Samples were taken with sterile swabs 
from the following: skin of teats, hair of flank, 
vulva, floor of barn, teat cups before milking, 
teat cups after milking before and after rinsing 
in chlorine, hands of milkers, and chlorine solu- 
tion used for rinsing teat cups. The pathogenic 
micrococei were detected by testing for hemoly- 
sis, mannitol fermentation, and coagulase ac- 
tivity. Very few of the micrococei met all of 
these tests. The most important sources of 
infection were milk from the udder, the skin 
of the teats, and the teat cups after milking. 
Rinsing in chlorine solution did not reduce the 
pereentage recovery of pathogenic micrococei 
from teat cups, and several successful collee- 
tions were made directly from the disinfecting 
solution. Samples of straw used for bedding 
were inoculated with coagulase; positive micro- 
eoeci and viable organisms were recovered as 
long as 49 d. later, indicating the possibility of 
spread of infection by contaminated bedding. 

E. W. Swanson 


110. Studies on corpus luteum ablation and 
progesterone replacement therapy during preg- 
nancy in the cow. L. E. McDona.p, R. E. 
Nicuous, and 8. H. McNurt, Wis. Agr. Expt. 
Sta., Madison. Am. J. Vet. Research, 13, 49: 
446-451. Oct., 1952. 

This investigation was designed to detect 
whether or not a poorly functioning corpus 
luteum could be responsible for resorption or 
abortion of the fetus. Corpora lutea were sur- 
gically removed from ovaries of cows after 
positive pregnancy determination at about 60 d. 
All of the 5 cows not given supplemental 
progesterone aborted. The quantity of intra- 
muscular progesterone in oil required to sup- 
port pregnancy was found to exceed 75 mg. 
daily. Seven of 8 cows given 100 mg. daily 
carried their calves to term. Progesterone in- 
jeections were discontinued in cows at 102, 137, 
162, 180, 188, 192, 203, 225, 233, and 237 d. 
with only the 102 and 137-d. pregnancies re- 
sulting in abortion. Apparently pregnancy can 
be maintained without supplemental proges- 
terone after 6 mo. of pregnaney when the 
corpus luteum has been removed earlier, but 
removal of the corpus luteum in a normal 163- 
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day pregnancy resulted in prompt abortion. 
Seven of the 8 cows carrying their calves to 
full term had retained placentas requiring 
manual removal, indicating a possible hormone 
basis for this condition. Two of the pregnant 
cows commenced lactation after progesterone 
injections were stopped. Lactation also com- 
menced in 2 of the cows which aborted follow- 
ing progesterone withdrawal at 102 and 137-d. 
E. W. Swanson 


BUTTER 
H. A. HOLLENDER, SECTION EDITOR 


111. The manufacture of aromatic butter. N. 
Evenuuts, Netherlands Milk & Dairy J., 5, 3 
& 4: 201-228. 1951. 

A study of the formation of diacetyl in cul- 
tures and cream is presented. From this study 
it was deducted that ripened cream should be 
churned while there is still citric acid left in the 
cream to be decomposed during churning. Care- 
ful selection. of a starter that will have a suffi- 
cient number of aroma-producing bacteria 
present to form an appreciable amount of 
diacetyl in a short time is also important. The 
author felt that citric acid was the source of 
the diacetyl and a compound X was formed 
that reacts like diacetyl but is not volatile with 
steam and is not decomposed in the starter to 
diacetyl. It was concluded also that pyruvic 
acid was an intermediate in the formation of 
diacetyl. W. W. Overcast 
112. Cream strainer. C. H. Parsons, W. S. 
CaMpPBELL, and W. W. West (assignors to 
Swift & Co.). U. S. Patent 2,619,232. 5 claims. 
Nov. 25, 1952. Official Gaz. U. S. Pat. Office, 
664, 4: 1165. 1952. 

Cream is strained by allowing it to flow 
through an endless fine mesh filter sereen, 
which runs continuously between a set of 4 
rollers. The portion between the bottom 2 
rollers is used for filtering, while the portion 
between the top 2 rollers is passed through a 
cleaning zone. R. Whitaker 
113. The inhibition of oxidative defects in 
cold-stored butter by some tetra-alkylthiuram- 
disulfides. (Preliminary Report). F. D. Tot- 
LENAAR. Netherlands Milk & Dairy J., 5, 1: 
46-50. 1951. 

Two antioxidants, tetramethylthiuramdisul- 
fide (T.M.T.D.) and tetraethylthiuramdisulfide 
(T.E.T.D.), were added to sour cream prior to 
making butter to study the influence on cold 
storage defects. Both showed favorable influ- 
ence on cold storage defects. Both showed 
favorable influences upon the keeping quality 
at very low concentration. Further tests on the 
toxicity are in progress. W. W. Overcast 


CHEESE 
A. C, DAHLBERG, SECTION EDITOR 


114. Ensilagekvalitet och Herrgardsost (Si- 
lage quality and Herrgard cheese). K. E. 
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Tuomé and P. Swart.ine, State Dairy Re- 
search Sta., Alnarp, Sweden. Report No. 38. 
1952. 

The use of silage as a feed for dairy cows 
is inereasing in popularity in Sweden. Con- 
current with this has been a greater percentage 
of defective textured “Emmental” cheese, pri- 
marily the Herrgard variety. This was at- 
tributed to an abnormal fermentation and was 
thought to be related to the feeding of silage 
to the cows. In the experiments conducted no 
abnormalities in the cheese made were encoun- 
tered apart from those caused by the butyrie 
acid bacterial spores that were present in the 
silage and gained access to the milk. Several 
types of silage were fed to the cows. The silage 
from 14 farms had average spore counts from 
3,000-6,000,000/g. The average counts in 
manure ranged from 2,000-400,000/g., and the 
average butyric acid bacteria spore count in 
10 ml. milk ranged from 1-500. The frequency 
of the butyric acid fermentation in the cheese 
was influenced by the number of spores in the 
milk. The addition of 20 g. sodium nitrate 
(saltpetre) per 100 1. milk was fairly effective 
in controlling an undesirable swelling and 
abnormal eye formation. It was recommended 
that for the manufacture of “KEmmental”- 
textured cheese, a requirement should be that 
the producers supply milk that is either free, 
or almost free, from butyric acid bacteria 
spores. This can be accomplished by either 
preparing silage with a low spore count or 
producing the milk under such sanitary condi- 
tions that no spores are added to the milk. 

G. H. Wilster 


115. Les facteurs bactériolytiques antituber- 
culeux des fromages. (Antituberculous bacte- 
riolytic factors from cheese). J. Meyer, J. 
ToNILLIER, and J. Materas. Le Lait, 32, 318: 
512-515. Sept.-Oct., 1952. 

Trace quantities of copper, lactic acid fer- 
mentations, and propionic acid fermentations 
were investigated as factors in lysis of the 
bovine tubercle bacillus in cheese. Copper, 
lactates, and cultures of lactic acid bacteria were 
found to have no noticeable effect. The presence 
of propionic acid bacteria arrested the develop- 
ment of tubercle bacilli. This action did not 
result from acid formation or the inhibiting 
effect of propionate ion. S. Patton 


116. Détermination des teneurs en eau et ma- 
tiére séche, en calcium et an phosphore de denx 
variétés de fromages a pate demi-dure et a 
moisissures internes. (Determination of the 
amounts of moisture and dry matter, calcium, 
and phosphorus in two varieties of semi-hard 
cheeses with internal molds.) L. RANpoIN and 
C. Jourpan, Le Lait, 32, 318: 418-485. Sept.- 
Oct., 1952. 

Seven samples each, collected over a 2-yr. 
period (1950-1952), of Bleu d’Auvergne made 
from cow’s milk and Roquefort made from 
sheep’s milk were analyzed. Mean values for 
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moisture, dry matter, calcium, and phosphorus 
in g./100 g. of cheese were respectively as fol- 
lows: Bleu—39.20, 60.80, 0.489, 0.284; Roque- 
fort—40.00, 60.00, 0.704, 0.537. These results 
are discussed in relation to those previously 
obtained on other types of cheese. 
S. Patton 

117. Method of producing casein. P. C. Trex- 
LER (assignor to Amino Acids, Ine.). U. 8. Pat- 
ent 2,618,629. 2 claims. Nov. 18, 1952. Official 
Gaz. U. S. Pat. Office, 664, 3: 915. 1952. 

Skimmilk at a temp. between 2 and 16° C. is 
acidified to a pH between 4.4 and 4.8 and then 
heated to 65-75° C. to facilitate separation of 
the whey from the curd. R. Whitaker 
118. Cheese mold. J. F. Guersaz (assignor to 
Concord Cheese Corp.). U. S. Patent 2,619,- 
029. 3 claims. Nov. 25, 1952. Official Gaz. U. 
S. Pat. Office, 664, 4: 1107. 1952. 

A cheese hoop so designed to produce round 
flat cheeses with beveled edges. 

R. Whitaker 
119. Carriage drive mechanism for curd fork- 
ing machines. E. W. Dersen (assignor to 
Stoelting Brothers Co.). U. S. Patent 2,617,- 
191. 9 claims. Nov. 11, 1952. Official Gaz. U. 
8. Pat. Office, 664, 2: 443. 1952. 

A curd agitating machine operating on a 
rail mounted over the longitudinal axis of the 
cheese vat. R. Whitaker 
120. Cheese-milk fat food product and method 
of producing the same. H. F. Lone and J. S. 
Erickson (assignors to Sugar Creek Cream- 
ery Co.). U. S. Patent 2,617,730. 14 claims. 
Nov. 11, 1952. Official Gaz. U. S. Pat. Office, 
664, 2: 596. 1952. 

A spread for bread having a flavor and tex- 
ture similar to butter and consisting of an 
edible fat, such as butterfat, into which there 
is emulsified an aqueous discontinuous- phase 
made up of fresh soft curd, nonfat milk solids, 
water, and suitable stabilizer. 

R. Whitaker 
121. Cheese bandage. G. W. WiLLITs (assignor 
to Johnson & Johnson). U. S. Patent 2,614,- 
936. 6 claims. Oct. 21, 1952. Official Gaz. U. 
S. Pat. Office, 663, 3: 838. 1952. 

A cheese bandage of the previous non-woven 
type. R. Whitaker 
122. Cheese slicing device. J. CuampBers. U. 
S. Patent 2,611,952. 2 claims. Sept. 30, 1952. 
Official Gaz. U. S. Pat. Office, 662, 5: 1277. 
1952. 

A hand operated slicer for cheese consisting 
of a cutting wire guided by a roller. 

R. Whitaker 


CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 
PF. J. DOAN, SECTION EDITOR 


123. Some factors affecting the quality of con- 
centrated market milk. L. H. Burawa p, J. A. 
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Paxton, and I. A. Goutp, Ohio State Univ., 
Columbus. Milk Dealer, 42, 2: 50, 130-134. 
Nov., 1952. 

Some dairy plants are considering the prepa- 
ration of a low heat 3-1 concentrated milk 
product for (a) freezing and shipping in the 
frozen state to other areas, (b) freezing and 
storing in the plant as a supplement to the 
milk supply in periods of shortage, and (c) 
shipping in place of milk to other areas. 
Experiments using forewarming temperatures 
of 135, 145, and 155° F., coneentrating 3-1 at 
temperatures below 125° F., pasteurizing the 
concentrate at 143° F. for 30 min. and cooling 
in glass showed that there was no relationship 
between the forewarming temperature and the 
flavor or keeping quality after storage for 10 d. 
at 34 to 44° F. The milk possessed excellent 
flavor when fresh and acceptable flavor 
throughout the storage period. Bacterial counts 
(mesophilic and psychrophilic) were generally 
satisfactory for a 10-d. period, although psy- 
chrophilic counts increased markedly after 7 d. 
Post-pasteurization contamination was detri- 
mental to keeping quality, and thorough sani- 
tizing of all surface contacted following pas- 
teurization is essential. A low temperature of 
storage also was an important factor in storage 
life of the concentrated milk. Pasteurization 
after concentration, rather than before, resulted 
in better keeping quality. Reconstitued concen- 
trated milk exhibited poor keeping quality, 
probably due to psychrophilic bacteria in the 
water used. Preheating to 135° F. did not in- 
activate phosphatase enzyme but preheating to 
145° F., or above, resulted in a negative test. 
Concentrated milk frozen and stored at about 
—10° F. held up well for more than 3 mo. 
Flakiness was encountered in most samples on 
melting and reconstituting, but never to an 
objectionable degree. Higher forewarming tem- 
peratures seemed to retard flakiness. Curd ten- 
sion was not appreciably affected by concentrat- 
ing and reconstituting. C. J. Babeock 


124. Frozen concentrated milk. F. J. Doan, 
Pennsylvania State College, State College. 
Food Tech., 6, 10: 402-404. 1952. 

Factors affecting flavor and casein stability 
of frozen concentrated milk and problems of 
marketing are discussed. Concentrated milk 
normally has a flat flavor, and an oxidized 
flavor often develops during prolonged frozen 
storage. Oxidized flavor can be retarded or 
controlled by heating the milk to at least 
155° F. for 30 min. or 167° F. flash, or by 
addition of antioxidants. Gradual loss of sta- 
bility by the casein during frozen storage is 
probably caused by dehydration and a “salting 
out” effect by the high concentration of soluble 
salts in the small amount of unfrozen water. 
Destabilization during frozen storage is favored 
by inereasing concentration of milk solids, by 
increasing time interval between concentrating 
and freezing the milk, and by raising storage 
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temperatures. Frozen concentrated milk should 
be stored at —10° F., or below, if to be held 
more than 3 wk. Reducing the soluble calcium 
content of the milk before freezing by ion- 
exchange treatment or by other methods is a 
possible way of increasing casein stability dur- 
ing frozen storage. Frozen concentrated milk 
probably cannot be sold at a lower equivalent 
price than bottled milk in domestic markets. 
The reduction in bulk compared with fluid milk 
and a storage life, when properly processed 
and held. of about 3 mo. make frozen concen- 
trated milk well fitted to the role of utilizing 
surpluses in areas where milk is over produced 
for shipment to areas deficient in fresh milk. 
E. R. Garrison 

125. Dried honey-milk product. B. H. Wess 
and G. P. Wauton (assignors to the United 
States of America, as represented by the See- 
retary of Agriculture). U.S. Patent 2,621,128. 
7 claims. Dee. 9, 1952. Official Gaz. U. S. Pat. 
Office, 665, 2: 558. 1952. 

A mixture of 10-70 parts of honey solids to 
90-30 parts whole or skimmilk, buttermilk, 
or whey solids. Dryness is obtained through 
crystallization of the lactose and dextrose hy- 
drates, at a temp. of 50-110° F. 

R. Whitaker 


DAIRY BACTERIOLOGY 
P. R. ELLIKER, SECTION EDITOR 


126. The disturbing effects of penicillin milk in 
the dairy industry and proposals of some tech- 
nical methods for the elimination of failures. 
Studies on the inactivation of penicillin by 
means of penicillinase. AaGe JEPSEN and An- 
KER JuL OversBy. Netherlands Milk & Dairy 
J., 5,3 & 4: 157-185. 1951. 

About 50% of the total amount of penicillin 
injected into the udders appeared in the milk 
and as little as 0.05 unit/ml. was found to cause 
failure in the manufacturing of various dairy 
products. Cultures resistant to 1 unit/ml. of 
penicillin were developed but the associate or- 
ganisms disappeared with a penicillin concen- 
tration of 0.25 unit/ml. Hydroxylamine was 
found to be very active in the inactivation of 
penicillin but its toxicity prevents its use com- 
mercially. Penicillinase was found to be very 
effective and had no influence on the flavor of 
the milk or milk product. However, some 
preparations of penicillinase were found to be 
far too expensive for a commercial operation. 

W. W. Overcast 
127. Some aspects of the bacteriology of pas- 
teurized milk. II. Investigations on the plate 
count of commercially pasteurized milk. Tu. 
E. GatesLoor. Netherlands Milk & Dairy J., 
5, 2: 94-103. 1951. 

High plate counts on commercially pas- 
teurized milk were caused by microbacteria, 
thermodurie streptococci, and non-heat-resistant 
achromobacteria. The non-heat-resistant ach- 
romobacteria presumably were due to post pas- 
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teurization contamination and multiplication at 
cold storage temperatures. High counts of 
microbacteria in the pasteurized milk were cor- 
related with high counts in the raw milk 
evidently due to improper sterilization of the 
milk cans. The occurrence of high counts due 
to thermodurie streptococci was explained on 
the basis of multiplication during the processing 
within the plant. W. W. Overeast 


128. Some aspects of the bacteriology of pas- 
teurized milk. I. Thermoduric bacteria in 
Dutch raw milk. Tu. E. Nether- 
lands Milk & Dairy J., 5, 2: 75-93. 1951. 

A study of the thermodurie bacteria in raw 
milk of the western part of the Netherlands 
revealed that the microbacteria were more 
prevalent in the summer months and thermo- 
duric streptococci during the winter season. 
The data indicated that microbacteria and 
thermodurie micrococci originate from dirty 
utensils. The initial contamination and the 
temperature of the milk were important in the 
number of thermodurie streptococci. Other 
groups of thermodurie microorganisms some- 
times encountered included the aerobic bacilli, 
achromobacteria, sarcinae, and actinomycetes. 

W. W. Overcast 


129. Factors governing the adaptation of bac- 
teria against quaternaries. R. Fiscner and 
P. Larose. Nature, 170, 4330: 715. 1952. 

Based on experiments using Serratia mar- 
cescens and “Roccal” (alkyl dimethyl benzyl 
ammonium chloride), it was shown that the re- 
sistance to higher concentrations of the quater- 
nary can be obtained through successive trans- 
fers. Like bactericidal activity, the adaptation 
is dependent on pH. The authors are led to the 
hypothesis that any factor which changes the 
affinity of a bactericidal compound for bacteria 
will influence the bactericidal activity in the 
same direction. R. Whitaker 
130. Variations in the resistance of milk to 
the activity of Streptococcus agalactiae. W. 
D. PounpeN, Bur. Animal Ind., Beltsville, 
Md. Am. J. Vet. Research, 13, 49: 491-499. 
Oct., 1952. 

The influence of ration, age, breed, stage of 
lactation, and milk production level upon the 
resistance of aseptically drawn milk to Strepto- 
coccus agalactiae was studied in a herd of 17 
Holstein-Friesians and 5 Guernsey-Jerseys. 
These were divided into 2 groups receiving, 
respectively, alfalfa and timothy hay plus 
grain. During most of the periods no appreci- 
able difference due to rations could be detected, 
but milk from the cows fed alfalfa hay occa- 
sionally was the more resistant. Heifers in 
their first lactation gave milk at first definitely 
more resistant to S. agalactiae than the milk of 
older cows, but this resistance was nearly 
equalized in the last half of their lactations. 
Nearly all cows lost resistance gradually as the 
lactation advanced; and in the terminal stages 
their milk was very low in resistance factors. 
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The 5 Guernsey-Jerseys had greater resistance 
in their milk than the Holsteins. Clinical symp- 
toms of mastitis occurred in 12 of the cows. 
All of these, except one cow infected with hemo- 
lytie staphlyeocci, gave milk of low resistance 
to S. agalactiae during and after the attacks. 
Since most of these attacks of mastitis were 
associated with micrococci, coliform, and strep- 
tocoeei other than S. agalactiae, it is probable 
that the milk was low in resistance factors for 
these organisms also. E. W. Swanson 


131. The effect of various antibiotics in milk 
following intramammary infusion. ANKER JUL 
Oversy, Royal Vet. & Agr. College, Copen- 
hagen. Nord. Veterinaermedicin, 4: 993-1004. 
1952. 

The lactic acid bacteria were found to be sen- 
sitive to aureomycin and terramycin. Presence 
of 0.01 pg aureomyecin per ml. of milk was able 
to slightly inhibit growth of the lactie acid 
streptococci; 1.0 ug aureomycin or 2.0 yg terra- 
mycin per ml. of milk inhibited growth of the 
bacteria completely. To attain the correspond- 
ing inhibitions the milk must contain respec- 
tively 0.04 pg and 10.0 yg streptomycin or 
0.20 wg and 10.0 ng chloromycetin. The activity 
of the four antibioties was not affected by pas- 
teurization of the milk at 80° C, 

After intramammary treatment with the four 
antibioties the milk from the first milking con- 
tained such amounts of aureomycin that the 
addition of 2% of this milk to normal milk was 
enough to inhibit acid production completely. 
The same effect was obtained with addition of 
5% of the milk from streptomycin-treated cows, 
10% from penicillin- or terramycin-treated 
eows, and not less than 40% of the milk from 
chlorom veetin-treated cows. 

The amounts of the four antibiotics in the 
milk deereased at the following milkings. At 
this time there are no methods availabe for 
inactivation of the above four antibiotics in the 
milk, in contrast to inactivation of penicillin. 
The author suggested that the milk from cows 
treated with antibiotics should not be supplied 
to the dairy plants the first 2 days after the 
treatment with chloromycetin, 3 days after 
treatment with streptomycin and terramycin, 
and 4 days after the treatment with aureomycin. 

G. H. Wilster 


DAIRY CHEMISTRY 


H. H. SOMMER, SECTION EDITOR 


132. Milk proteins. I. The chemistry of the 
milk proteins. B. A. Eacies, Univ. of British 
Columbia, Vancouver. Can. Dairy and Ice 
Cream J., 31, 10: 32-34, 60. Oct., 1952. II. 
The effect of heat on milk proteins. Dyson 
Ross, and III. The effect of enzymes on milk 
proteins. Can. Dairy and Ice Cream J., 31, 11: 
59-64, 84. Nov., 1952. 

These three articles are from a symposium 
presented to the sub-committee on meat and 
animal products of the Canadian committee on 
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food preservation. They discuss casein, nature 
of the phosphorous linkage, action of rennin, 
whey proteins, the denaturation of whey pro- 
teins, proteolytic enzymes in the dairy indus- 
try, action of rennin on milk, and cheese 
ripening. H. Pyenson 


133. The effect of time and temperature after 
the addition of Folin reagent in the determina- 
tion of phosphatase. O. C. SreverDING and B. 
G. Lana, Bur. of Labs., State Dept. of Health, 
Hartford, Conn. J. Milk and Food Teehnol., 
15: 282-284, 299. Nov.-Dee., 1952. 

Holding the milk samples at high tempera- 
tures following the addition of Folin-Ciocalteau 
reagent and prior to placing the tubes in boiling 
water, as suggested in Standard Methods, may 
give high readings for the Gilereas-Davis modi- 
fication of the Kay-Graham phosphatase test. 
High temperature alone may not be an im- 
portant source of error, providing the interval 
between taking the samples from the ineubator 
and immersing them in boiling water is held 
less than 30 min. If the samples are held longer 
than 30 min. above normal, an increase in the 
phosphatase reading may result. This ean be 
overcome by placing the tubes in a water bath 
at 70° F. after adding Folin-Ciocalteau reagent. 
Placing the tubes in the refrigerator after re- 
moving from the incubator will give comparable 
results. H. H. Weiser 


134. Methods for determining the fat content 
of milk. III. The correction of the figures 
found by the Gerber method. L. Rapema and 
H. Muuper. Netherlands Milk & Dairy J., 5, 
2: 104-109. 1951. 

It is suggested that a milk pipette having 
10.77 ml. capacity be used instead of an 11 ml. 
pipette. By so doing the fat content by the 
Gerber method more nearly correlates with the 
Rése-Gottlieb method. W. W. Overcast 


135. Isolation of phosphothreonine from bo- 
vine casein. ©. H. DeVerpier. Nature, 170, 
4332: 804. 1952. 

The phosphorus of casein is bound to both 
serine and threonine. R. Whitaker 


136. An apparatus for accurate reading of 
Gerber tubes. G. Postnumus. Netherlands 
Milk & Dairy J., 5, 1: 10-13. 1951. 

A description is given of an apparatus to 
read Gerber tubes accurately without removing 
them from the water bath. W. W. Overeast 


DAIRY ENGINEERING 


C. W. HALL, SECTION EDITOR 


137. Milk Pump. L. A. Mapes. U. 8S. Patent 
2,618,225. 3 claims. Nov. 18, 1952. Official 
Gaz. U. S. Pat. Office, 664, 3: 805. 1952. 

A positive action sanitary milk pump having 
2 overlapping vertical cylindrical chambers. A 
rotor in each is driven by a set of gears from a 
shaft below the pump housing. 

R. Whitaker 


DAIRY PLANT MANAGEMENT AND ECONOMICS 


138. Milk can rack. R. L. Meyers. U. S. Pat- 
ent 2,620,073. 1 claim. Dee. 2, 1952. Official 
Gaz. U. S. Pat. Office, 665, 1: 189. 1952. 

A rack for holding milk cans, milking pails, 
strainers, lids, ete., for attaching to the wall of 
farm milk houses. R. Whitaker 


139. Ice cream freezer. W. F. Bairp. U. 5. 
Patent 2,619,808. 5 claims. Dee. 2, 1952. Offi- 
cial Gaz. U. S. Pat. Office, 665, 1: 111. 1952. 
A device for freezing mix to a slush in a 
household refrigerator. R. Whitaker 


140. Heat exchange apparatus and support 
therefore. B. G. NEWHALL (assignor to Cherry 
Burrell Corp.). U. S. Patent 2,619,329. 4 
claims. Nov. 25, 1952. Official Gaz. U. S. Pat. 
Office, 664, 4: 1194. 1952. 

An arrangement whereby any plate of a plate 
heat exchanger can be removed singly from the 
frame. R. Whitaker 
141. Milk weighing and handling apparatus. 
E. J. Merow (assignor to Purity Manufactur- 
ing Co., Inc.). U.S. Patent 2,618,410. 6 claims. 
Nov. 18, 1952. Official Gaz. U. S. Pat. Office, 
664, 3: 859. 1952. 

A small weigh vat is deseribed consisting of a 
tank, mounted on a scale, and a ecam-operated 
valve in the drain. R. Whitaker 
142. Plate-type heat exchanger support. B. G. 
NEWHALL (assignor to Cherry-Burrell Corp.). 
U. S. Patent 2,621,028. 1 claim. Dee. 9, 1952. 
Official Gaz. U. S. Pat. Office, 665, 2: 530. 1952. 

Details are given for the design of the ends 
of the plates of a plate-tvpe heat exchanger 
which insures proper alignment of plates. 


R. Whitaker 


DAIRY PLANT MANAGEMENT 
AND ECONOMICS 


L. C. THOMSEN, SECTION EDITOR 


143. Some needed improvements in the pricing 
of market milk. Letanp Spencer, Cornell 
Univ., Ithaea, N. Y. Milk Dealer, 42, 2: 108- 
114. Nov., 1952. 

Competition plays a part in establishing 
prices paid for market milk by dealers and 
prices received by producers, but milk prices 
are administered to a much greater extent than 
prices of other foods. In setting the prices 
charged dealers for market milk, the most com- 
mon fault is to over-price the milk sold for 
fluid use. Insufficient consideration is given 
frequently to the need for keeping the supply 
of approved milk in close adjustment to the 
fluid sales. Ordinarily the supply should not 
exceed fluid sales in November by more than 
15%. Data is presented showing (1) supply 
of approved milk in excess of fluid sales in se- 
lected northeastern markets November, 1945, 
1959, and 1951, (2) daily receipts of approved 
milk in May and June in excess of the daily 
receipts in November selected markets in the 
northeast, 1951, and (3) supply and utilization 
of milk in the New York metropolitan area and 
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in some upstate marketing areas, 1951. The 
price of fluid milk should be maintained at a 
level which will yield an adequate blended 
rate to producers. The prices paid different 
producers should reflect differences in the true 
value of their milk as determined by the butter- 
fat content, and by the producer’s location in 
the milk shed or distance from his point of 
delivery. In pricing milk to consumers, it is 
common practice to charge the same price to 
all retail customers without regard to the differ- 
ences in costs of services. The most important 
cause of differences in costs of serving families 
with milk is the quantity delivered. Volume dis- 
count plans are being used successfully in a 
number of cities. C. J. Babcock 


144. Changing economic conditions in the 
dairy industry. Harry C. TRELOGAN and Louis 
F. Herrmann, U.S.D.A., Washington, D. C. 
Milk Dealer, 42, 2: 58-72. Nov., 1952. 

Data is presented showing (1) farmers’ 
prices for dairy produets and all farm products, 
(2) hypothetical demand and supply functions 
for total milk production, (3) hypothetical de- 
mand and supply functions for milk for speci- 
fied uses, (4) effect of a decrease in demand for 
butter, and (5) effect of an increase in demand 
for fluid milk. The market for milk solids-not- 
fat, population, growth, improved efficiency 
larger dairy plants, expansion of milk dis- 
tributing areas, and raising milk quality are 
diseussed. It is pointed out that the sag in 
dairy prices relative to other farm prices may 
have passed its low point. A stationary level of 
milk production against a rising population has 
offset much of the lost demand for milk fat, and 
has brought total demand for nonfat solids into 
closer balance with the supply. Although the 
value of milk fat may suffer from still further 
encroachment of vegetable oils into dairy 
products markets, dairy prices and milk pro- 
duction will probably remain fairly steady until 
the growing population and increased use of 
solids-not-fat raise the value of that component 
of milk to offset the loss in value of fat. Ex- 
panding milk distribution areas and a rising 
level of quality of manufacturing milk gives 
promise of increased dairy efficiencies com- 
parable with those attained in competing 
industries. C. J. Babeock 


145. Keeping your winter payroll productive. 
G. P. GunpLacH and C. W. Esmonp, G. P. 
Gundlach and Co., Cincinnati, Ohio. Ice Cream 
Rev., 36, 5: 52, 95, 96. Dee., 1952. 

Some of the employees who are not needed on 
a full time basis during the winter months can 
be used for sales promotion work. Delivery 
personnel, for example, might be used part 
time for delivery and spend the remainder of 
their time for sampling and demonstration work 
in stores. Other employees who could be trained 
for this type of work could be used in a similar 
manner, under the direction of the sales man- 
ager. 


A20 


It is suggested that part of the time might 
be devoted to sampling the feature flavor of the 
month and speciality items in the various re- 
tail outlets. Demonstrations could include the 
making of milk shakes, sundaes, and other items 
which ean be made in the home. 

The plan as suggested will enable the ice 
eream manufacturer to profitably retain useful 
employees on the payroll during the slack sea- 
son. Furthermore increased emphasis on mer- 
chandising will tend to build morale and en- 
thusiasm of the dealers which will mean bigger 
and more profitable stops in the year ahead. 

W. J. Caulfield 


146. Who will manage our dairy plants to- 
morrow? P. H. Tracy, Univ. of Ill., Urbana. 
Iee Cream Trade J., 48, 9: 86, 180. 1952. 

College educators and dairy plant managers 
are eoncerned about the low enrollment and 
searcity of men in the field of dairy technology. 
Plant managers contend that it is difficult to 
keep a college graduate on the job, that he is 
impatient and unwilling to put in the time re- 
quired to learn the business. Technically trained 
men are seldom picked as managers. Plant 
executives feel that many college men lack per- 
sonality and training in business management. 
The blame for this situation may be due to 
improper training by colleges or to the fact 
that after employment by industry, the gradu- 
ates often are forgotten, become discouraged, 
and transfer to other fields. 


A revaluation of course work in the field of 
dairy technology and certain adjustments are 
suggested. Some of the suggestions made are 
to spend less time on the art and practice of 
dairy manufacturing and more time on theoreti- 
eal and applied training in engineering ineclud- 
ing building construction, mechanics, electricity, 
refrigeration, and plant sanitation. More atten- 
tion should be spent on personality development 
and more training given in business manage- 
ment, industrial organization, commercial and 
food laws, and salesmanship. Students should 
be sereened so that those who desire to take 
graduate work could be permitted to take more 
basic training in chemistry, bacteriology, mathe- 
maties, foreign language and less of business 
management and engineering courses. Students 
going into industry should be required to spend 
their summers or possibly two half years work- 
ing in industry to obtain practical experience 
and know-how before they graduate. It is 
recommended that colleges and industry should 
work together in preparing students fer the 
field of dairy technology. Industry should 
establish educational and training plans for col- 
lege graduates entering employment. 

If more students are to be attracted to the 
field of dairy technology, they must be shown 
that a worthwhile goal lies ahead. The college 
graduate must realize that he needs to start at 
the bottom and prepare himself for that better 
job by years of patient training and experience. 
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Finally these trained men must be paid an 
adequate wage while learning and during their 
march toward the top so that they will be kept 
happy. W. H. Martin 


147. Evaluating our future. Huco H. Sommer, 
Univ. of Wis., Madison. Ice Cream Rev., 36, 
3: 48, 54, 56, 58, 60, 62. Oect., 1952. 

The dairy industry is confronted with in- 
creased competition from products in which 
butter fat is being substituted with other fats. 
This holds true not only in the ease of butter 
but for many other products. Restrictive legis- 
lation can no longer be relied upon by the dairy 
industry to prevent the appearance of filled 
milk products. This is especially true in the 
light of the conclusion of the Feed and Nutri- 
tion Board that fortified oleomargarine in a 
mixed diet is nutritionally equivalent to butter. 

The current trend is bound to devalue milk 
fat. The sales of skimmilk solids, however, is 
being rapidly expanded. As long as the price of 
butter fat remains high and the price of skim- 
milk low, the introduction of filled milk products 
will be encouraged. If the price of skimmilk 
were increased to its true value and the price of 
butter fat reduced, the price advantage which 
filled milk products enjoy at present over the . 
genuine products would tend to disappear. 

It is predicted that adjustments in the dairy 
industry will tend to bring about a balance 
between the products which create skimmilk and 
those which use skimmilk. The future emphasis 
will be upon the complete utilization of milk for 
human food; this is one sure way of insuring a 
price for milk which will sustain a prosperous 
dairy industry. 

Opposing the trend toward a reduction in the 
price of butter fat and an increase in the price 
of solids-not-fat are: (1) tradition, (2) price 
supports for butter, (3) lack of a simple test 
for measuring the solids-not-fat content of milk 
and (4) the form in which many of our agricul- 
tural statistics are assembled which show fat 
utilization only. 

The author emphasizes that there is little or 
no hope of stopping the introduction of filled 
milk products. If this is the case, then it be- 
comes especially important to safeguard the 
integrity of the genuine products. Substitute 
products must not be permitted to be sold as 
the genuine article. W. J. Caulfield 


HERD MANAGEMENT 


H. A. HERMAN, SECTION EDITOR 


148. Connecting clamp device for tying ani- 
mals’ tails and the like. F. M. Kanesxr. U. S. 
Patent 2,619,936. 4 claims. Dee. 2, 1952. Offi- 
cial Gaz. U. S. Pat. Office, 665, 1: 148. 1952. 

To prevent a cow from swishing her tail, a 
clamp holding the end of the tail is attached to 
a ring mounted in the skin of the flank at the 
point where the leg joins the body. 


R. Whitaker 


MILK AND CREAM 


149. Apparatus for improving milk products 
on the farm. F. J. J. Henrarp (assignor to 
Ecremeuses Melotte). U. S. Patent 2,619,025. 
3 elaims. Nov. 25, 1952. Official Gaz. U. S. 
Pat. Office, 664, 4: 1105. 1952. 

A vat for heating and cooling milk consisting 
of two cylindrical containers for the milk with- 
in the vat, each mounted on two rollers which 
permit rotation of the containers to provide 
agitation. Heating and cooling is effected by 
means of a spray on each cylinder. 

R. Whitaker 


150. Milk cooler. R. C. SHipman (assignor to 
United Co-Operatives, Ine.). U. S. Patent 2,- 
618,127. 4 claims. Nov. 18, 1952. Official Gaz. 
U. S. Pat. Office, 664, 3: 777. 1952. 

A eabinet-type cooler for cooling milk in cans 
on the farm. R. Whitaker 


MILK AND CREAM 


E. 0. HERREID, SECTION EDITOR 


151. La tendance des laits a cailler. Recher- 
ches des causes et des remédes. (The tendency 
of milks to curdle. Studies of the causes and 
remedies.) J. Kemuine and J. Casauis. Le 
Lait, 32, 318: 486-489. Sept.-Oct., 1952. 
Various causes of unsatisfactory coagulation 
in milk are discussed briefly, including the 
presence of penicillin, bacteriophage (never en- 
countered as a problem by the authors), and 
over heating milk for mother cultures. Milk 
which is retained in the udder spontaneously, as 
a result of incomplete milking or through over- 
sight, is frequently resistant to rennet coagula- 
tion. S. Patton 


152. Homogeniseret maelk i Europa. (Homog- 
enized milk in Europe.) Roxserr HANSEN. 
Nord. Mejeri-Tidsskr., 18, No. 5. May, 1952. 

Homogenized milk was sold for the first time 
in Oslo, Norway, in April, 1952. The daily out- 
put of one milk plant was several times greater 
than was anticipated. In a H.T.S.T. pasteurizer 
the milk was heated to 50-55° C. and homoge- 
nized at 180 atmospheres. It was planned to 
pasteurize at 60°C. and homogenize at 150 
atmospheres to reduce the susceptibility of the 
milk to development of the tallowy flavor caused 
by exposing milk to sunlight. 

Homogenized milk has been sold for several 
years in Sweden. The large Stockholm milk 
plant, ‘“Mjolk-centralen,’ sells homogenized 
vitamin D-fortified milk, which is 10% of its 
total sales of milk. 

In 1949 homogenized milk was first sold in 
Niirnberg, Germany. To each liter of milk was 
added 1,000 units of vitamin De. The milk was 
pasteurized by the short-time method at 85° C. 
and homogenized at 170-200 atmospheres. In 
the large, new fluid milk plant in Sossenheim 
near Frankfurt am Main in Germany milk is 
vitaminized, pasteurized, and homogenized at a 
rate of 10,000 1./hour. G. H. Wilster 


153. Dairy trends in the midwest. D. ANpDER- 
son, Dairy Branch, PMA, Washington, D. C. 
Am. Dairy Prod. Rev., 14, 11: 46-47. Nov., 
1952. 

Since the war dairy production has decreased 
and prices also have decreased as compared to 
other farm products. Better markets for dairy 
products, including fat and solids-not-fat and 
higher prices or lower production costs will 
encourage more production. More effective pro- 
motion and sales programs are needed. 

T. J. Claydon 


154. Milk in bottles ready for baby. Staff, 
Food. Eng., 29, 11: 141. Nov., 1952. 

Sunrise Dairies, Hillside, N. J., uses a square 
half-pint bottle with a special threaded top for 
homogenized vitamin D milk for babies. These 
bottles are filled on the regular bottling line. 
In the home, the bottle can be fitted with a 
standard screw type nipple, and no further 
sterilization of the milk is required. The milk 
is not intended to replace formulae for babies. 

T. J. Claydon 


155. Progress in canned fresh milk. Staff, 
Food Eng., 29, 11: 90-92. Nov., 1952. 

The production of aseptically canned whole 
fresh milk continues to expand. Latest and 
largest processor is the International Milk 
Processors, Ine. at Ridgeland, Wisconsin. Most 
of its 2,400 gal./hr. output is placed in 6-oz. 
eans and sold in vending machines. Modifica- 
tion of the Graves-Stambaugh milk collection 
method with pipeline milkers and smaller stain- 
less-steel tanks has adapted this system to Wis- 
consin conditions. Changes and improvements 
in plant equipment have speeded processing and 
facilitated automatic control. T. J. Claydon 


156. Multiple drink mixing machine. E. S. 
Prince and R. MacDovucaui (assignors to 
Prince Castle Mfg. Div., Ine.). U. S. Patent 
2,619,332. 2 claims. Nov. 25, 1952. Official 
Gaz. U. S. Pat. Office, 664, 4: 1195. 1952. 

A milk shake mixer is described with multiple 
beating units, all rotated by a single continuous 
operating motor with one or more beaters cap- 
able of being used at a time. R. Whitaker 


NUTRITIVE VALUE OF 
DAIRY PRODUCTS 


ROBERT JENNESS, SECTION EDITOR 


157. Failure of cobalt added to the rations of 
dairy cows to increase the vitamin B:. potency 
of the milk. A. M. Hartman and L. P. Dry- 
DEN, Bur. of Dairy Ind., U.S.D.A., Washington, 
D. C. Arch. Biochem. Biophys., 40, 2: 310-313. 
Oet., 1952. 


A mineral salt mixture supplying cobalt at a 
level of 1 p.p.m. of the grain mixture was fed 
continuously for 2-10 mo. to 4 groups of pure- 
bred Holstein and Jersey cows, 2 groups on 
pasture, and 2 on barn rations. Vitamin Bu: 
activity of the milk was determined by a 4-wk. 
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rat growth assay (Hartman and Dryden, un- 
published). The milk of cows fed supplemen- 
tary cobalt did not differ significantly in vita- 
min Bw potencies from that of cows denied 
additional cobalt. The values found in this 
study are in harmony with results reported by 
others employing microbiological assay methods. 
H. J. Peppler 


158. Laits Humanisés. (‘““Humanized” milks.) 
J. M. Roseit and J. Minut. Le Lait, 32, 318: 
490-512. Sept.-Oct., 1952. 

Comparative analyses of cow and human 
colostra and milks are comprehensively re- 
viewed, including gross composition, properties, 
amino acids, vitamins, and minerals. It is re- 
ported that most modified cow’s milk formulae 
now in use are objectionable because they form 
hard compact coagula in the infant’s stomach; 
secondly, they contain cow’s milk fat, which is 
composed of an entirely different balance of 
fatty acids than is human milk fat. Conse- 
quently these formulae are not well utilized by 
infants. Comparative advantages and disad- 
vantages of a number of modified milks with 
methods of formulation are presented. 

S. Patton 


ICE CREAM 


Cc. D. DAHLE, SECTION EDITOR 


159. Clarification of white ice cream mix. 
Anonymous. Ice Cream Rev., 36, 4: 44, 45, 
102. Nov., 1952. 

Tests on a commercial basis have demon- 
strated that the use of a specially-developed 
highly-selective clarifier can be used success- 
fully for the clarification of ice cream mix. In 
this machine the centrifugal force factor is so 
adjusted that no significant loss of mix in- 
gredients will occur. In one continuous run 
25,000 lb. of mix was processed before the bowl 
was cleaned. The bowl residue weighed less than 
6 lb. and tested less than 1.5% fat. In a similar 
trial, 27,000 Ib. of mix was clarified and the 
bowl residue weighed 4 lb., 6 oz. and was found 
to test 62% total solids and 0.95% fat. 

The tests have demonstrated further that 
clarification will eliminate the sediment prob- 
lem. Mixes which had a sediment score of 25-75 
points before processing were scored 0 (per- 
feet) after clarification. 

The new elarifier is available in two sizes, 
500 and 600 gal./hr. The clarifier can be in- 
stalled either between the pasteurizer and 
homogenizer or between the homogenizer and 
cooler. If installed ahead of the homogenizer 
an extra pump and surge tank will be neces- 
sary. Location in this position will, however, 
give protection to the homogenizer valves. It is 
reported that the machine can be cleaned, 
sterilized, and assembled in 10 min. 

W. J. Caulfield 


160. Kontinuerlig pasteurisering af mix til 
figdeis. (Continuous pasteurization of mix for 


ice cream.) Rosert Hansen. Nord. Mejeri- 
Tidsskr., 18, 8. 1952. 

Kronborg Fligde-Is was the first ice cream 
factory in Denmark to adopt continuous pas- 
teurization of ice cream mix a short time ago. 
Several advantages for this method are given: 
(a) the process is continuous, (b) pasteuriza- 
tion is the last step in making mix, (¢) cooling 
is done in an enclosed plate cooler, and (d) 
there is less tendency for the mix to have a 
cooked flavor. The mix is heated to 65° C., 
homogenized, pasteurized at 82-85° C., and 
cooled to 6° C. Chilled water is used as the 
cooling medium. G. H. Wilster 


161. Types and kinds of vegetable fats for 
frozen desserts. EK. M. Deck, Mrs. Tucker’s 
Foods, Sherman, Texas. Ice Cream Trade J., 
48, 11: 32, 33. Nov., 1952. 

Types of vegetable oils include those from 
coconut, palm kernel, tueum nut, and babassu 
nut. These oils, hydrogenated and unhydrogen- 
ated, have melting points of 76 to about 90° F. 
They may be mixed with small amounts of 
hydrogenated cottonseed or soy bean oil to 
raise the melting point to 110° F. Oils in this 
group have sharp melting points. They are 
very hard at temperatures below 50° F. and 
melt at temperatures above 76° F. They are 
easily hydrolized in the presence of moisture to 
form esters which have soapy flavors. This type 
of oil is usually used in food products of low 
moisture content and for fillings and coatings 
for biscuits and candies. These fats do not 
oxidize easily and resist the development of 
rancidity. In the presence of moisture and 
sugar there is danger of off flavors developing 
due to the action of fat splitting micro- 
organisms. Oils in this group have a charac- 
teristic nutty flavor which will carry through in 
most food products. 

Cottonseed oil, soybean oil, peanut oil, and 
corn oil have melting points of 30-140° F., de- 
pending on how much they have been hydro- 
genated. Unhydrogenated oils melt at 30-45° F. 
and most of the hydrogenated oils at 90-115° F. 
The unhydrogenated oils in this group, such 
as cooking and salad oils, are not suitable for 
use in margarine and frozen desserts because 
they melt too fast and have flavors not desirable 
in these products. When these oils are hydro- 
genated, the melting points can be controlled, 
so that they will have a desirable meltdown and 
a bland or neutral flavor. They are made up of 
long chain fatty acids and are not easily hydro- 
lized in the presence of moisture and do not 
develop soapy flavors. The unhydrogenated 
oils in this group oxidize easily and develop 
rancid flavors at warm temperatures. 

When cottonseed, peanut, and soybean oils 
are hydrogenated they lose their identity. For 
this reason they are labeled “made from hydro- 
genated vegetabie oils.” The unhydrogenated oil 
products, such as salad and cooking oils, must 
state on the label the kind of oil used. Coconut 
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ICE CREAM 


oil may be blended with hydrogenated cotton 
seed, soybean, and peanut oils. This blend car- 
ries the same disadvantage as straight coconut 
oil, only in slightly less degree. 

W. H. Martin 


162. Are you prepared to meet the new addi- 
tions to the frozen desserts family? J. Topias 
and P. H. Tracy, Univ. of Illinois, Urbana. 
Tce Cream Rey., 36, 2: 112, 114. Sept., 1952. 

The introduction of ice milk in either the soft 
or hardened state represents an attempt on the 
part of the industry to attract the price con- 
seious consumer. For the same reason vege- 
table fat frozen desserts have been introduced 
in certain areas. Ice milks designed for serving 
direct from the freezer should be drawn at an 
overrun of 30-50% and at a temperature of 
approximately 19° F. to insure a stiff, dry 
appearing product with adequate melting re- 
sistance. The use of corn syrup solids to 
supply % to 1% of the sugar solids in the ice 
milk mix is a common practice. If an excessive 
amount of corn syrup solids is used, however, 
the product may be sticky or gummy and have 
a corn syrup flavor. It is suggested that double 
the amount of emulsifier used in ice cream 
should be used in ice milk mixes. 

A breakdown in body due to destabilization of 
both the fat and protein is one of the most seri- 
ous production problems encountered with soft 
ice milk. The use of properly homogenized 
mixes, avoiding the use of ingredients in the 
ice milk mix which have been heat treated suffi- 
ciently to destabilize the protein, and the use 
of a well insulated freezer, which will require 
less agitation to maintain the proper tempera- 
ture, should prove helpful in preventing this 
defect. 

In the production of hardened ice milk a total 
solids content of about 38% is essential to 
attain proper body and texture. The total solids 
may be inereased by using corn syrup solids 
and/or dry milk solids with a reduced lactose 
content. Ice milk with approximately 38% 
total solids when frozen with an overrun of 
65-80% wili exhibit good storage and heat 
shock properties. Fast freezing to a stiff dry 
consistency and rapid hardening are essential 
to the production of a high quality product to 
be sold in the hardened state. 

The ice cream industry should be alert to 
possible competition with frozen desserts com- 
pounded from vegetable fat, which can be 
manufactured at a cost considerably below that 
of ice cream. W. J. Caulfield 


163. Preparation of hardened ice milk. W. B. 
Comps, Univ. of Minnesota, St. Paul. Ice 
Cream Rev., 36, 4: 111-113. Nov., 1952. 

It was concluded from observations made by 
the author that hardened ice milks containing 
5% fat, 14% serum solids, 12% sucrose, 4.5% 
corn syrup solids, and 0.3 to 0.5% stabilizer are 
lacking in richness and cannot be expected to 
be comparable with high quality ice cream. It 
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was determined that the quality of hardened ice 
milk could be improved by: (a) increasing the 
total solids content of the mix to approximately 
38%, (b) substituting nonfat dry milk solids 
with high quality sweet cream buttermilk pow- 
der, (ce) using C.M.C. or locust bean gum as 
stabilizer in place of gelatin or sodium alginate 
and (d) increasing the milk solids, both butter 
fat and milk solids-not-fat. None of the ice 
milks studied developed sandiness even after 
the heat shock treatment. 

The author emphasizes that no ingredient 
should be used in compounding an ice milk mix 
which will not meet the approval of the con- 
sumer. If an ingredient is used to substitute a 
portion of the fat or milk solids-not-fat, the 
consumer should be informed of it and any price 
advantage should be passed on to him. 

W. J. Caulfield 


164. A quick test for the presence of foreign 
fats in frozen desserts. C. KE. Lawrence, G. P. 
Gundlach and Co., Cincinnati. Iee Cream Rev., 
36, 4: 52-55. Nov., 1952. 

A rapid, yet sensitive, method for the detec- 
tion of foreign fats in frozen desserts is de- 
seribed. The test is based upon the fluorescence 
of various fats and oils when examined with a 
lamp having a wave length of 2540 Angstrom 
units. It was determined that pure samples of 
a given fat will fluoresce a specific color. But- 
terfat fluoresced bright yellow; cocoa fat, in- 
tense blue; cotton oil, tan; corn oil, blue green; 
lard, violet, and peanut oil, blush white. 

In applying the test to frozen desserts, the 
fat is extracted by means of the Minnesota fat 
test for ice cream. The fat collected in the neck 
of a 20% ice cream test bottle is examined in a 
semi-darkened room with the lamp, and the 
color noted. Controlled experiments indicate 
that substitution of as little as 5% butter fat 
with a foreign fat can be detected by this 
method. 


Two possible limitations of the test are: (a) 
casein and some other milk constituents fluoresce 
a blush white color, and (b) butter fat which 
has been exposed to sunlight for a prolonged 
period fluoresces a light bluish color. The use 
of certified dyes or colors did not interfere with 
the test. The test shows considerable promise 
for use as a preliminary screening in detect- 
ing possible adulteration of ice cream with 
foreign fats. W. J. Caulfield 


165. Utilization of corn syrup solids in sher- 
bets. W. C. vAN pEeR Zant and W. J. Caut- 
FIELD, Iowa State College, Ames. Ice Cream 
Reyv., 36, 2: 190-194. Sept., 1952. 

The use of 8% dried corn syrup solids in 
combination with 22% sucrose, 5.7% total milk 
solids and 0.4% stabilizer resulted in a sherbet 
which was superior in flavor, body, and texture 
to comparable sherbets containing only sucrose 
or a combination of sucrose and dextrose. The 
use of corn syrup solids effectively prevented 
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surface crustation and caused no difficulties in 
freezing, overrun control, or hardening. 
W. J. Caulfield 


166. Hood’s new type of insulated package. 
Anonymous. Ice Cream Trade, J., 48, 10: 22, 
23. Oct., 1952. 

Eight individually wrapped slices of ice 
cream and 8 “plastie-paks” of chocolate sauce 
are wrapped together in one polar-sealed in- 
sulated package. The package contains 28 oz. 
of ice cream and 8 packets of sauce weighing 
0.5 oz. each and sells at retail for 75 cents at 
drug stores and 69 cents at food stores. The 
wholesale price is $2.20 per gal. compared to 
$2.00 for Hood’s pint packages. The corrugated 
paper serves as an insulator as well as a con- 
tainer. W. H. Martin 


167. How ECOMA saves production hours. 
Anonymous. Ice Cream Rev., 36, 2: 72-74. 
Sept., 1952. 

The replacement of the individual air com- 
pressor supplied with each of four cream 
freezers with one central compressed air supply 
has saved more than 100 production hours per 
year for the Erie County Milk Association, 
Erie, Penna. Steady operation of the small air 
compressors led to serious maintenance prob- 
lems, which necessitated frequent shut downs 
and loss of production time. 

Filtered compressed air is supplied to the 
freezers by means of one nonlubricated air 
compressor operated with a 3 HP electric 
motor. The compressor and motor are mounted 
on an air tank in which a pressure of 60 p.s.i. 
is automatically maintained. 

Advantages claimed for the central com- 
pressed air system are: (a) it has reduced 
maintenance costs, (b) it has provided insur- 
ance against product contamination, (¢c) it has 
improved product quality, and (d) it has 
eliminated costly production shut downs. 

W. J. Caulfield 


168. Preparation of low-fat high-solids mixes. 
W. H. Martin, Kansas State College, Man- 
hattan. Ice Cream Rev., 36, 5: 111-115. Dee., 
1952. 

Low-fat mixes may be classified into three 
principal groups: (1) mix to be frozen and sold 
in the hardened form in packages and for use 
in the manufacture of chocolate coated bars and 
stick confection, (2) mix for milk shake base, 
which is frozen and used in the preparation of 
milk shakes and malts, and (3) mix to be frozen 
and served direct from the freezer. The fat 
content of these products will range from 2-6%. 
The reduced fat content is compensated for 
in part by an increase in the solids-not-fat, 
sweetener, and stabilizer content over that nor- 
mally used in ice cream. 


The same ingredients and processing pro- 
cedures are used in compounding ice milk mixes 
which are employed in making ice cream mixes. 
In freezing, the overrun and drawing tempera- 


ABSTRACTS OF LITERATURE 


ture needs to be adjusted for the use that is to 
be made of the product. A product which is to 
be packaged and sold in the hardened state 
should contain less than 70% overrun, whereas 
if it is going into bulk, bars, or stick confections 
an overrun of 80-90% will prove satisfactory. 
When the product is to be served direct from 
the freezer, the overrun should be limited to 
30-35%, and the drawing temperature should 
be approximately 18-19° F. 

Suggested composition standards are pre- 
sented at varying fat levels for each class of 
ice milk diseussed. W. J. Caulfield 


169. Tangerine sherbet. ANONYMOUS. 
Cream Reyv., 36, 2: 116-118. Sept., 1952. 
Frozen puree prepared from fully matured 
tangerines is the basis for a new sherbet flavor 
which has met with marked success in a number 
of markets. One company reportedly has pro- 
duced an excellent flavored sherbet by com- 
bining 50 lb. of tangerine puree with 95 gal. of 
sherbet base. W. J. Caulfield 


170. Why sell unprofitable items on routes? 
A. G. Anperson, General Ice Cream Corp., 
Schenectady, N.Y. Ice Cream Rev., 36, 5: 
86-89. Dee., 1952. 

The sale of certain products at a price which 
does not produce a satisfactory profit may be 
justified for the purpose of liquidating inven- 
tories, interesting the public in a new item, or 
in selling an off-season special. 

For the regular delivery line every new flavor 
or product should be carefully serutinized cost 
wise to determine whether or not the item in 
question can be sold at a profit. It is much 
sounder policy not to introduce an unprofit- 
able item than to discontinue its production once 
it has been offered to the trade. Many plants, 
however, could increase their: profits by dis- 
continuing the production of unprofitable items 
in their present line. Such procedure is con- 
sidered just as sound as a cut in volume. 

W. J. Caulfield 


171. Continuous pasteurization of ice cream 
mixes. JosEpH Topras and P. H. Tracy, Univ. 
of Ill., Urbana. Ice Cream Trade J., 48, 9: 116, 
118. 1952. 

The heating of ice cream mixes to 177.5° F. 
for 30 see. gave results similar to those obtained 
by heating to 160° F. for 30 min. in trials using 
natural flora as well as a test organism. 

W. H. Martin 


172. “Something borrowed, something new” 
speeds coated ice cream bars. A. V. GEMMILL. 
Food Eng., 24, 10: 79-81. Oet., 1952. 

Through the ingenious use of 3 automatic 
units, H. P. Hood & Sons, Boston, has achieved 
a production of chocolate-coated ice cream bars 
faster than 165 per min. An English Stone- 
street unit receives ice cream directly from con- 
tinuous freezers, forms it into bars, quick 
freezes and discharges them into a specially 
designed chocolate enrobing unit. After pas- 
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sage through a refrigerated tunnel, bars are 
conveyed to a Rose wrapping machine. Equip- 
ment has been designed for easy cleaning. 

T. J. Claydon 


173. The manufacturer of water ice pops. 
Nat H. Nasu, Laneo Products Corp., N. Y. 
Tee Cream Trade J., 48, 9: 126, 128. Sept., 
1952. 

The water ice pop mix consists of sugar, 
flavor, color, stabilizer, fruit, and water. The 
mix is frozen in suitable molds without agita- 
tion. The sugar content ranges from 16-19%, 
and the source is cane or corn sugar, corn syrup, 
and corn syrup solids. Low sugar results in a 
brittle icy pop; high sugar results in excessive 
sweetness, bleeding, and crystallization if stored 
for any length of time. A small amount of corn 
sugar, 10-20% of the total sugar, improves the 
pop. The use of over 25% corn sugar results in 
brittleness, crystallization, and white spots in 
the frozen confection. Liquid sugar may be 
used. 

Orange flavor is most popular, accounting for 
over 50% of the total consumption; cherry, 
grape, strawberry, raspberry, and lemon-lime 
are also popular. Citrus flavors are usually 
made from citrus essential oils and are con- 
sidered pure. Other flavors are made from true 
fruit extracts reinforced with imitation flavors 
and must be labeled accordingly. 

Flavor emulsions dispersed in water are 
highly concentrated; 6-12 oz. will flavor 32 gal. 
of mix. Flavor syrup may be used; 1% to 1 gal. 
will flavor 30 gal. of mix. 

With the exception of root beer, banana, and 
chocolate flavored pops, citrie or tartaric acid 
in the form of a 50% solution is added to give 
a tart taste. Some states require a minimum of 
0.35% acid. 

Some stabilizers are not compatible with acid, 
which reduces their effectiveness. Karaya gum, 
locust bean gum, and pectin were originally 
used; however, arabic gum, cellulose gum 
(CMC), propylene glycol ester of alginic acid, 
and carragheen have been used with satisfactory 
results. The stabilizer should be tasteless and 
odorless and should have the property of bind- 
ing water and aiding in the dispersion of solids, 
flavor, and color in water. 


Brine for freezing should be maintained at 
—20 to -—30° F., and the molds should be filled 
1% to 4 in. from the top to allow for expansion 
during freezing. Slow removal of stick holders 
from molds and inefficient stabilizer may cause 
pops to stick to bags. The use of a chill funnel 
before bagging will aid in the elimination of 
this defect. W. H. Martin 


174. Planning ice cream advertising. RoBERT 
L. Stevens, High’s Iee Cream, Washington, 
D. C. Iee Cream Trade J., 48, 8: 34, 84. Aug., 
1952. 

Percentage of sales is a good yardstick for 
the establishment of an advertising budget. 
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Somewhere between 2 and 5% of sales provides 
a sound budget. A team of advertising media 
should be used rather than one single medium, 
It may inelude newspaper, radio, television, 
point-of-sale material, direct mail, billboards, 
hand bills, ete. The customer must be invited 
to the store, induced to enter the store, and in- 
vited to make a purchase. Full page newspaper 
ads have produced best results for High’s. 
Some full-page ads are run in color and some- 
thing definite is advertised. In Washington the 
cost ranges from $750 to $1100 per page, with 
art work extra. W. H. Martin 


175. Modern sanitation in the ice cream 
plant. F. E. Merz, The Borden Company, N. Y. 
Ice Cream Trade J., 48, 8: 38-39, 75. Aug., 
1952. 
Ice cream plant sanitation starts with the in- 
gredients; water, sugar, milk products, eggs, 
flavor, and color should all be checked. Liquid 


sugar storage tanks should be kept full or 


washed frequently. Air borne yeasts, molds, 
and bacteria may gain entrance into the tank 
unless all vents are equipped with suitable air 
filters. Sterilizing lamps have been found effec- 
tive in reducing or minimizing this source of 
contamination. 

Pasteurization temperature must be ade- 
quate; 155-160° F. for 30 min., 170° F. for 20 
min. or 175° F. for 25 see. are now being used. 
Elimination or shortening the thawing-out 
period for frozen products may be accomplished 
by the use of machines which crush, shave, or 
melt them quickly. Care should be used in open- 
ing containers to protect the contents from 
contamination. 

If refrigerated flavor tanks are not provided, 
the containers should be of the smallest size to 
eliminate long holding of the flavored mix be- 
fore freezing. All containers for ice cream 
should be protected from contamination and all 
filling done by machine. Ice cream sandwiches, 
stick confections, and novelties must be han- 
dled in such a manner as to eliminate contami- 
nation. 

Improved machinery for handling ice cream, 
laboratory control to check the total and coli- 
form count of the products, elimination of rags 
and sponges, elimination of dripping and 
spillage and operating on dry floors are a few 
of the requirements being adopted by many 
plants to insure the sanitary quality of the 
product. W. H. Martin 


176. No opinions, just facts. W. H. List, Jr., 
See., Assoc. of Iee Cream Mnfrs. of N. Y. 
state. Ice Cream Trade J., 48, 9: 53, 212-217. 
1952. 

In 37 of the 48 states “ice milk” in some form 
is being sold. It is estimated that there are 
over 10,000 stores in the U. S. selling a soft 
product under more than 100 names. This sur- 
vey indicated that there was no uniformity of 
state laws on ice milk. Pros and cons of the 
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use of vegetable fats in frozen desserts are 
presented. W. H. Martin 
177. Increased efficiency in novelty lines. 
Rosert W. Bererrer, Bowman Dairy Co., Chi- 
eago. Ice Cream Trade J., 48, 11: 64, 68. Nov., 
1952. 

Production of novelties was increased from 
53 to 83 doz. per man-hr. by making a study of 
each operation and making changes which sped 
up production. For 1,000 doz. per hour opera- 
tion a —38° F. brine gave best results. When 
the dipping temperature dropped below 102° F., 
the number of bars coated per pound dropped 
approximately one for each degree drop in 
temperature. A low temperature for bars going 
into the dip tank is important in order to keep 
down the amount of moisture added to the 
coating. W. H. Martin 


178. Trends in ice cream costs. ANONYMOUS. 
Ice Cream Trade J., 48, 11: 26, 90. Nov., 1952. 
Iee cream costs increased 13.68 cents per gal. 
in 1951 over 1950 costs. Products cost in- 
creased 0.0817 cents, manufacturing costs 0.369 
eents, selling advertising cost 0.0060 cents, de- 
livery service cost 0.0101 cents, and administra- 
tive cost 0.0021 cents. These figures are based 
on the study of 136 companies made by the 
International Association of Iee Cream Manu- 
facturers. W. H. Martin 


179. Fast freeze tunnels. Max F. Ha.per- 
stapt, Goldenrod Ice Cream Co., Chicago. Ice 
Cream Trade J., 48, 11: 70-91. Nov., 1952. 


Goldenrod uses a hardening tunnel 90 ft. 
long and 16 ft. wide. Inside are 4 conveyors of 
eyclone belt, each 70 ft. long and 6 ft. wide, 
placed in pairs one over the other. After the 
packages are hardened, they are dropped on a 
wide belt which takes them to the packing table. 
For refrigeration, 21,000 ft. of 2” ammonia 
eoils are used. Ten inches of vacuum gives a 
—42° F. ammonia and an air temperature of 
—28° F. At the end of the coils are four 42-in. 
fans which turn 22,000 cu. ft. of air per fan per 
minute. The speed of the belts varies with the 
packages, pt.-brick belts are set for a 70 min. 
ride, and cup and sandwiches pass through the 
tunnel in 45 min. W. H. Martin 


180. Food dispensing device. M. Srranak 
and E. B. Linn. U. S. Patent 2,619,117. 2 
elaims. Nov. 25, 1952. Official Gaz. U. S. Pat. 
Office, 664, 4: 1132. 1952. 

A horizontal freezer for producing soft ice 
eream and other foods for immediate consump- 
tion. The draw-off valve is connected to the 
mix inlet valve by a handle, movement of which 
allows a proportionate amount of mix into the 
rear of the machine when the frozen ice cream 
is drawn from the front. R. Whitaker 


181. Powdered topping and method of making 
the same.” H. W. Diamonp. U. S. Patent 2,- 
619,423. 3 elaims. Nov. 25, 1952. Official Gaz. 
U. S. Pat. Office, 664, 4: 1219. 1952. 
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A dry mix to be reconstituted with water for 
making a whipped topping. The dry mix con- 
sists of 1-15% edible neutral water soluble 
protein, 5-40% carbohydrate, 35-85% refined 
fat, 0.3-20% glycerated fat type stabilizer, and 
0.1-15% moisture. R. Whitaker 


182. Dessert mix and method of making the 
same. H. W. Diamonp. U.S. Patent 2,619,422. 
16 claims. Nov. 25, 1952. Official Gaz. U. 8S. 
Pat. Office, 664, 4: 1219. 1952. 

A frozen dessert mix containing 0.5-10% 
edible, neutral water-soluble protein, 5-40% 
carbohydrate, 2-30% fat, 0.1-5% stabilizer of 
the glycerated fat type, and water. 

R. Whitaker 


PHYSIOLOGY AND 
ENDOCRINOLOGY 


R. P. REECE, SECTION EDITOR 


183. The amounts of glycery!phosphorylcho- 
line in some mammalian tissues. G. ScHMIpDT, 
L. Hecut, P. L. Greenpaum, and §. J. 
THAUNHAUSER, Tufts College Med. School, 
Boston. J. Biol. Chem., 197, 2: 601-609. Aug., 
1952. 

A procedure for the quantitative determina- 
tion of L-a-glyeerylphosphoryleholine (GPC) in 
tissues of rat, lamb, and bovine was developed 
to determine the importance of GPC as an inter- 
mediary in the phospholipide metabolism of 
mammalians. In addition to the pancreas, con- 
siderable amounts of GPC were found in 
spleen, liver, and kidney of the lamb and bovine. 
The general biological importance of GPC as 
an intermediary of the metabolism of lecithin 
in mammalians is diseussed. H. J. Peppler 


184. Carbonate and fatty acids as precursors 
of amino acids in casein. A. L. Brack, M. 
Keiser, and A. H. Univ. of California, 
Davis. J. Biol. Chem., 197, 1: 365-370. July, 
1952. 

Lactating Jersey cows were injected intra- 
venously with C' labeled precursors (bicar- 
bonate, acetate, propionate, and butyrate), 
milked after 10 hr., and the casein isolated and 
hydrolyzed. The amino acids of the casein 
hydrolysate were separated on a cation ex- 
change column of Dowex 50. 

Acetate and butyrate were the major pre- 
cursors for transferring carbon to non-essential 
amino acids. CO: was the major precursor of 
amino acids that are considered essential. It 
was concluded that microorganisms of the 
rumen furnish essential amino acids to the cow, 
but the tissues synthesize only non-essential 
amino acids in quantity. H. J. Peppler 
185. Acetate as a precursor of milk constitu- 
ents in the intact dairy cow. M. Kierper, A. H. 
Sairn, A. L. Buack, M. A. Brown, and B. M. 
Totsert, Univ. of California, Davis and 
Berkeley. J. Biol. Chem., 197, 1: 371-379. 
July, 1952. 
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The quantitative significance of acetate oxida- 
tion and acetate utilization for the synthesis of 
lactose, casein, and milk fat by two normal 
Jersey cows was determined by injection of 
carboxyl- and methyl-labeled acetate in doses 
ranging from 6-llye. of C1 per kilo of body 
weight. 

Caleulations based on previous results with 
injection of labeled carbonate and on the con- 
centration of C'* in the expired air after injec- 
tion of labeled acetate revealed that 60% of the 
carbon transferred from the carboxyl group of 
acetate to lactose passed through the carbonate 
pool, but only 17% of the methyl carbon of 
acetate followed this path to lactose. For casein 
formation about 40% of the carboxyl carbon 
and 8% of the methyl carbon of acetate passed 
through the carbonate pool. Only 5% of the 
carboxyl carbon and 2% of the methyl earbon 
of acetate entered the carbonate pool for fat 
formation. 

After injection of CHs C44OONa 1% of the 
C'* appeared as lactose, 1% as casein, and 9% 
as fat. Following injection of C“Hs COONa, 
2% of C'* was found in casein, 2% in lactose, 
and 12% in fat. H. J. Peppler 


186. Metabolic effect of red blood cells on 
estrone. Biscnorr, R. E. Karuerman, V. 
Favati, and C. L. Gray, Santa Barbara Cot- 
tage Hosp. Research Inst., Calif. Am. J. 
Physiol., 171, 1: 100-105. Oet., 1952. 

Red blood cells have been shown to have the 
ability to inerease the biological activity of 
estrone. This paper presents proof showing 
that this ability is dependent upon an enzyme 
system found in the red blood cells. The enzyme 
system requires the presence of glucose or some 
related compound. Oxygen has a deleterious 
effect. The enzyme is killed by heating for 1 
hr. at 63° C. The optimum pH range is 6.6-8.2. 

Vietor Hurst 


SANITATION AND CLEANSING 


K. G. WECKEL, SECTION EDITOR 


187. Low temperature can washing. L&E 
Mryor, Wyandotte Chemieals Corp., Wyan- 
dotte, Mich. Am. Milk Rev., 14, 9: 74, 76 
Sept., 1952. 

The trend away from strong alkaline type 
cleaners to use of alternate alkali and acid 
cleaners in can washers is described. The acid 
is necessary to remove early deposits of milk- 
stone and scale, and the alkali is used to remove 
butterfat. The author reports that a single 
cleaning compound at a pH slightly on the alka- 
line side which contains complex phosphates 
accomplishes the same results as the alternate 
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method. Low temperatures of 120 to 130° F. 
can be used successfully. Butterfat, milkstone, 
and seale accumulations are avoided and satis- 
factory bacteria counts are obtained. 

D. J. Hankinson 


188. “Inhibition” of Streptococcus lactis by 
a quaternary ammonium compound in cheese 
milks. J. C. Curry and F. W. Barser, Natl. 
Dairy Research Labs., Ine., Oakdale, N. Y. 
J. Milk and Food Teehnol., 15: 278-281, 299. 
Nov.-Dee., 1952. 

A detergent sanitizer containing a quaternary 
ammonium compound in coneentrations of less 
than 10 p.p.m. was effective in destroying lactie 
cultures in aqueous solutions within 10 min. In 
milk it required more than 600 p.p.m. of the 
sanitizer to destroy the organisms. It has been 
reported that 2.5-10 p.p.m. quaternary in milk 
altered the acid production but did not ma- 
terially affect the growth of the test organisms. 
An assumption was made relative to the block- 
ing of the enzymes involved in the production 
of lactie acid when concentrations of the quater- 
nary were too low to destroy the bacterial cell. 

H. H. Weiser 


189. Chlorine, old friend in a new form. AL- 
BERT SorrerR, Wyandotte Chemicals Corp., 
Wyandotte, Mich. Milk Dealer, 42, 2: 44-45, 
123-127. Nov., 1952. 

The following generalizations are made as of 
1951 on the development and use of chlorine as 
a germicide: 1. Organie chlorine liberating 
germicides are more stable, both in storage and 
in use-solutions, than are their inorganie coun- 
ter-parts. 2. They are less irritating to living 
tissues, including the human skin, than are the 
inorganie compounds. 3. They provide solutions 
that have a longer, and more certain service life, 
than do the inorganic compounds. 4. They are 
less rapid in their germicidal action than are 
the inorganie compounds. This relative low 
speed of germicidal action, however, is very 
important. A relatively new organie compound, 
1,3-dichloro-5, 5-dimethylhydantoin, abbrevi- 
ated as DCDMH, is deseribed. Its germicidal 
performance in nearly all cases has been found 
equal or superior to the hypochlorites, with 
exposure times as short as 15 see. Field tests 
have shown it to be an effective and satisfactory 
germicide for sanitizing eating and drinking 
utensils and for dairy utensils. It is the first 
chloride type sanitizer to be offered commer- 
cially that combines advantages of organic 
chlorine liberating chemicals, and particularly 
a relatively slow release of chlorine from the 
parent compound, with the fast action charae- 
teristies of the inorganie compounds. 


C. J. Babeoek 
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For faster milk cooling . ve 
without agitation 


“ICY KOLD"'—in capacities from 
100 to 600 gallons inclusive. 


Use CHERRY-BURRELL 


KOLD” Farm Tanks 


Higher Quality Milk: “ICY KOLD” cools milk in less than 
5 seconds—holds it at low temperature until picked up. 
Milk Measured and Sampled on the Farm: no com- 

plaints about shrinkage, high bacteria counts, low butterfat. 


Easy to Clean: All surfaces stainless, easy to reach. 
Less Work: No cans to lift, haul, store, dump, wash, maintain. 


Save Plant Expense: No receiving room to operate. No raw 
milk to cool at your plant. 


Save Farm Installation Expense: “ICY KOLD” is a 
complete unit with only one electrical connection to make. 


Double Refrigeration — 


NO AGITATION: Milk fiows 
in thin film over (1) ice bank built 
by semi-hermetically sealed com- 
pressor. Milk cools to 40°F. in 5 

letely above tank 
level—and without agitation. Com- 
pressor also furnishes refrigeration 
for (2) direct expansion coils on 
tank bottom for holding milk at 
low temperature, without agitation. 


Write for Further Information 


RRKY-BURRELL CORPORATION 
=” | 427 W. Randolph Street, Chicago 6, Ill. 
Seutgehint and Supplies for Industrial and Food Processing 


FACTORIES, WAREHOUSES, BRANCHES, OFF: 
or DISTRIBUTORS AT YOUR SERVICE IN 56 


Your advertisement is being read in every State and in 45 Foreign Countries 


H 
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Reg. U. S. 


Complete Stabilizers 
and Emulsifiers 


BODY-GU the finest 


grade of ice cream, high active in- 
gredient content—83¢/Ib. 


Pat. Off. 


P RIDEX®_¢or iee creams with pleas- 
ing mellow consistency—economi- 
eally priced—57¢/Ib. 


Straight Stabilizers 
H Y-G UAR ss ice creams, milk 


sherbets, ices and stick confections— 
excellent stabilization—57¢/Ib. 


PRIDE®_ deliciously smooth tex- 
tured ice cream, with maximum sta- 
bilization at low cost—53¢/Ib. 


Straight Emulsifiers 


EMEX® _ gor increasing whipping 
ability of ice cream and controlling 
overrui when used with good sta- 
bilizers—-44¢/Ib. 


Ask your Dairy Supply Jobber or us 
for testing samples and bulletins, 


®—Registered U.S. Patent Office 


WRITE FOR 


WRITE FOR literature de- 
scribing G.B.I. lce Cream 
Stabilizers and Emulsifiers 


GENERAL BIOCHEMICALS, INC. 


20 LABORATORY PARK * CHAGRIN FALLS, OHIO: 


“HANSEN'S” 


DAIRY PREPARATIONS 


COTTAGE CHEESE COAGULATOR 
\ANNATTO? BUTTER COLOR’ 
DANDELION BUTTER COLOR 
CERTIFIED’ BUTTER’ COLOR’ 
STARTER: DISTILLATE 
ICE CREAM’ COLOR 
LACTIC FERMENT CULTURE 


HANSEN'S LABORATORY, INC. 
MILWAUKEE 14, WISCONSIN 


CHR. 


Copies of the 


20-YEAR INDEX 


covering Volumes I to XX, inclu- 


sive are available at the following 


prices: 

MEMBERS 
$2.35 
Paper Bound .......... 2.00 

NON-MEMBERS 
$5.50 


” 


Your advertisement is being read in every State and in 45 Foreign Countries 


jou CULTURE CABINETS; | 
ee 


JOURNAL OF DAIRY SCIENCE  g 


Year In, Year Out — 


Always Dependable 
UNIFORMITY 
IS IMPORTANT! 
Leading agricultural 
schools and colleges 
agree that the regular 
weekly use of FLAV- 
O-LAC FLAKES as- 
sures uniformity of 
smoothness, aroma and 
flavor in fermented 

milk products. 


| YOGHURT CULTURE| 
FLAV-O-LAC FLAKES 
(shown) produce a quart of the finest 


starter on a single propagation. Single 
bottles $2.00. 


SPECIAL FLAV-O-LAC FLAKES ‘*40”’ 


MINERALIGHT 
Ultra-Violet Light 
FOR DETECTING MILKSTONE, 
FATS AND OTHER SOILS 


produce 40 quarts of starter on a single prop- For Sanitarians, Field 
agation. Single bottles $3.75. Plus postage. Men and Inspectors 
Free Cultural Manual of Fermented Milk Mineralight is a compact portable long wave 
Products on request. ultra-violet light — causes fluorescence in 


milkstone, fats, and other soils not readily 
seen by the eye. Used like a flashlight. Oper- 
ates 110 V-AC or batteries. Adapter available 
= 110 V-DC. Carrying case optional but 

essary for battery operation. Moderate 
pom Valuable aid to any size plant. Indis- 
pensable in improving sanitary standards. 
Write for literature. 


THE 


DAIRY LABORATORIES 


23rd & Locust Sts., Phila. 3, Pa. 
BRANCHES 


New York Baltimore Washington KLEN ZADE PRODUCTS, INC. 


See our catalog in Dairy Industries Catalog BELOIT WISCONSIN 


Bulk Milk 


Whether it’s bucket milking or pipeline 
milking, a Mojonnier Bulk Cooler in the 
milkhouse spells less labor, rapid cooling 
and high quality milk. Mojonnier Bulk 
Coolers are the last word in quality 
construction. For example, outside 
shells are stainless steel for easy 
deaning, long life and good appear- 
ance. Made in ten sizes beginning with 
60 gallons. Bulletin 240 “The Bulk 
Cooling Story” sent free on request. 300 Gallon Mojonnier Bulk Cooler on Norman 
Stevenson Farm, lowa City, lowa 


 MOJONNIER BULK MILK SYSTEM” 


Your advertisement is being read in every State and in 45 Foreign Countries 


Copies of the 


20- YEAR INDEX 


covering Volumes I to XX, inclu- 
sive are available at the following 


prices: 


MEMBERS 
Cloth Bound ......... $2.35 


Pager Bound ......... 208 


NON-MEMBERS 
Cloth Bound ......... $5.50 


Paper Bound......... 5.00 


JOURNAL OF DAIRY SCIENCE 


ony DIVERSOL cives 
SO MUCH PROTECTION against 
FOOD-SPOILING BACTERIA! 


Rapidly 


Much Mor 
1 These 
f potogrophs 


so pidly ond 
showing aissolves 
ther 
mpared 
nds - ceven ofter oul 
dissolves 


aifter 
really. ind 
super” 


See How Thoroughly 
Diversol Penetrotes 
Grease Film! Before any 
bactericide can destroy 
bocteria it MUST first 
reachthe bacteria! As this 
test shows, only Diversol 
penetrates invisible 

grease film so thoroughly! The test pad in the 

Diversol solution becomes wetted and bleaches out 

in a few moments! The pad in the other 

solution remains unchanged even ofter 10 minutes! 

How long do you permit your boctericide to 

remain in contact with the contominated surface? 


See How Freely Diversol 
ret ining 
Compo dro 
remarka 
wih 
e! See 
ive and cleon 


sv! particles left 


Write Today for 
T ‘Technical Information 


8 
le 
bacteric olf 
20 seco 
tere = 
and ¢ 
How 
see 90° ol 
pivers? com 
ence! 
won 
| \ 
the di 
iversol leaves 
notice the film 
ther 
bacteria! 
1820 Roscoe Street, Chicago 13. Ilinois 
ts Conode The (Canada) lid 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the JOURNAL is reserved for the 
publication of original research voluntarily submitted by members of the Association to the 
JOURNAL and review articles by invitation. In the case of joint authorship, the membership 
ruling applies to one author only. 

Papers that already have appeared in print or that are intended for simultaneous publica- 
tion elsewhere will not be accepted. 

Manuscripts. —Manuscripts should be submitted in double spacing on one side of suitable 
8%” x11” paper. The original copy should be furnished. All illustrative and tabular material 
should accompany the manuscript. 

Except in cases of invited reviews, papers must be limited to 12 printed pages unless pre- 
vious permission from the editor is obtained. When non-review articles exceed 12 pages, a 
charge of $5 per over page is made. 

Manuscripts will be published in the order of their receipt. They should be sent to tha 
Editor, P. H. Tracey, Food Technology Department, University of Illinois, Urbana, Illinois. In 
order to speed publication, one author should be designated to assume the responsibility of 
ehecking the galley proof on all papers of multiple authorship. All galley proofs should be 
returned in the minimum possible time to avoid delay in publication. 

Figures.—Original drawings, diagrams and charts should be done in India ink on tracing 
eloth (or white board) not larger than standard letter size (8%4"” x11"). All lettering should 
be inked in block style and be of such size that the lettering will be not less than % in. in 
height when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes 
and axis units is not acceptable. Original drawings should be submitted, rather than photo- 
graphs of such drawings. When suitable drawings are not furnished, the author will be charged 
for the preparation of drawings of satisfactory quality by an independent agency. 

Photographs.—Photographs for halftone reproduction should be glossy prints free of all 
imperfections. 

Legends.—Legends for figures and photographs should be typed on « sheet separate from 
the illustrative material and should be made as concise as possible while retaining their descrip- 
tive character. 

Tabular Material.—Tabular material should be clear, concise and accurate. Often data 
ean be condensed and presented in summarized tabular form. Tables of only one or two lines 
should be avoided except in most unusual cases. Excessively large or complicated tables are 
almost impossible to print satisfactorily. Headings should be as concise as possible, yet de- 
seriptive in character. Data may be presented either in tabular form or in figures, but the same 
data must not be presented in both forms. Each table should be placed on a separate sheet 
and not in the body of the manuscript. The letters a, b, c, ete., should be used for footnote 
designations. If possible, tables should be so organized that they may be set across the page, 
rather than the length of the page. 

References.—Literature reviews should be limited to only the most pertinent references. 
Reference lists should be double spaced and arranged alphabetically as to author and by chron- 
ological appearance of the journals cited under a given author. Papers by a single author 
always precede papers by that author and asvociates. References to multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than full first 
names of male authors. Citations in the text should be made by the number in parentheses 
corresponding to the number in the reference list. 

Each reference should contain the following: Reference number, author(s), title of article, 
name of journal, volume number, first and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranslated form. Consult recent published articles 
in the JOURNAL for proper citation. Publications are abbreviated according to the form 
given in CHEMICAL ABSTRACTS, vol. 45, no. 24, part 2, 1951. 

Sample cf journal citation: (1) Jongs, L. W., anp Smita, J. D. Effect of Feed on Body 
of Butter. J. Damy Sct., 24: 550-560. 1941. 

Sample of book citation: (1) Lanpstemvmr, K. The Specificity of Serological Reactions. 
Rev. Ed. Harvard University Press, Cambridge, Mass. 1945. 

For Experiment Station publications, the citation should be as follows: (1) Couurmr, S. 
T., anD Jenness, R. Packing Dry Whole Milk in Inert Gas. Minn. Agr. Expt. Sta. Tech. 
Bull. 167. 1945. 

The more common abbreviations used in the text are: cm., centimeter(s) ; ce., cubic centi- 
meter(s); g., gram(s); mg., milligram(s); 7, microgram(s); ml., milliliter(s); mu, millimi- 
eron(s); C., Centigrade; F., Fahrenheit; lb., pound(s); oz., ounce(s). 

Where configurational structures of chemical compounds are used, drawings suitable for 
reproduction by photoengraving are to De furnished by the author. 


In preparing manuscripts, use of first person should be avoided. 
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DIFCO 


Bacto-Dehydrated Media 
for Microbiological Assay of 


VITAMINS and AMINO ACIDS 


These media contain all the necessary nutriments for the 
growth of specified test organisms for the microbiological 
assay of vitamins and amino acids except for the component 
under assay. These basal media require only the addition of 
specified increasing amounts of the vitamin or amino acid 
being assayed to obtain a growth response which may be 
measured by acidimetric or turbidimetric methods for the con- 
struction of standard curves. The vitamin or amino acid con- 
tent of the material under assay is determined by addin 
appropriate concentrations of the test substance to the bas 
medium and comparing the growth response obtained with 
that of the standard. 


BACTO-RIBOFLAVIN ASSAY MEDIUM BACTO-CHOLINE ASSAY MEDIUM 
BACTO-NIACIN ASSAY MEDIUM BACTO-CF ASSAY MEDIUM 
BACTO-THIAMIN ASSAY MEDIUM BACTO-TRYPTOPHANE ASSAY MEDIUM 
BACTO-PANTOTHENATE ASSAY MEDIUM BACTO-LEUCINE ASSAY MEDIUM - 
BACTO-Bj2 ASSAY MEDIUM USP BACTO-METHIONINE ASSAY MEDIUM 
BACTO-CS VITAMIN By2 AGAR BACTO-LYSINE ASSAY MEDIUM 
BACTO-FOLIC ACID ASSAY MEDIUM BACTO-ISOLEUCINE ASSAY MEDIUM 
BACTO-PYRIDOXINE ASSAY MEDIUM BACTO-ARGININE ASSAY MEDIUM 
BACTO-BIOTIN ASSAY MEDIUM BACTO-TYROSINE ASSAY MEDIUM 


The method employed in carrying stock cultures of the test 
organisms and — the inoculum for microbiological 
assay is “iy mgpenee e following media have been developed 
especially for carrying stock cultures and for preparation of 
the inoculum: 


BACTO-MICRO ASSAY CULTURE AGAR BACTO-MICRO INOCULUM BROTH 
BACTO-NEUROSPORA CULTURE AGAR 


BACTO-VITAMIN FREE CASAMINO aciDs, dehydrated, is an acid 


hydrolysate of vitamin free casein prepared especially for 
laboratories investigating microbiological assay of vitamins. 


Descriptive literature available upon request 


DIFCO LABORATORIES 
DETROIT 1, MICHIGAN 
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